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ABSTRACT 


The problem of determining the optimum number, size and location 
of distribution warehouse facilities encountered in physical 
distribution systems is common to many firms. 


In Western Canada, with the population even more sparse and 


scattered than in many areas in North America, distribution is of 
particular importance. Since the time and expense to distribute 
goods is considerable, achieving the proper balance between adequate 
levels of customer service and minimizing costs of distribution 
from centralized plants to retail outlets is of considerable 
economic consequence. 

The problem encountered in the distribution of beer in Saskatchewan 
can be generalized to many distribution systems where there are 
many retail outlets scattered over a wide area with several sources 
of supply and a limited number of distribution warehouses or 
DOLen iit lel ocations: tOnesuch tact lities. 

This study serves well to illustrate the types of problems 
encountered in studying real distribution systems. Problems occur 
in data collection, problem definition and the construction of 
mathematical models. Difficulties are encountered when consideration 
must be given to the indivisibility of shipping units, bulk freight 
movement and the way in which the order frequency of retail outlets 
and distribution warehouses affects the transportation cost through 
minimum weight specifications of transportation rate structures. 


When the distribution system activities like inventory stocking 


and reordering are not defined explicitly some of the operational 
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aspects of a distribution system lack standardization, conforming to 
the personal preferences of individuals controlling the situation at 
different points in the system. Thus, a problem occurs in defining 
ene oOperabing "characteristics of a distribution system. 

The analysis of the Saskatchewan beer distribution system assumes 
the present sources of supply are given and projects the sales to 
retail outlets for different years according to geographic area and 
order size. The transportation network and modes of transportation 
are given and operational aspects such as inventory stocking and 
reordering are assumed to continue according to the current operating 
practise. 

The eight warehouse facilities currently in use are considered 
as potential locations for distribution warehouses. The purpose of 


the analysis is to discover whether any of the facilities can be 
discontinued and consequently which facilities should be reconstructed 
since many are in a poor state of repair. 

The conclusion is that in the long run all eight distribution 
warehouse facilities will be required. Although some savings would 
result from the discontinued use of some facilities in the short run, 
the costs incurred in closing and later reopening these facilities 
will offset any potential short run savings. 

The study of the system for distributing beer in Saskatchewan 
also places distribution system activities in perspective relative 
to the cost of operating the system and the level of customer 
service provided. Thus other areas for potential cost savings 


through continued analysis are revealed. 
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CHAPTER I 


INTRODUCTION 


The study of distribution systems and the application of 
operations research techniques to distribution problems is certainly 
not new. The analysis, review and planning of distribution systems 
is as common in business firms operating in Western Canada as it 
is elsewhere. However, the application of operations research 
techniques and the use of digital computers to analyze and devise 
solutions to distribution problems is not as common. 

In part this study serves to demonstrate the application of 
operations research and the use of a digital computer to analyze 
and devise solutions for a distribution problem. The troblem, the 
location of distribution warehouse facilities, is a typical problem 
faced by many Western Canadian firms. Although specific aspects 
of the distribution of beer in the Province of Saskatchewan differ 
from the problem encountered by other firms, the procedure used 
can be generalized to other cases. 

Distribution systems exist to move goods from points of supply 
to points of demand. it is the distribution system that adds time 
and place utility to goods by making them available as required 
LOL Consumption. | since the cost of providing time and place utility 
increases. as the distance between supply and demand points increases, 
the physical distribution of products in the Canadian setting is 
one of the major economic undertakings. In Western Canada, with the 


population even more sparse and scattered than in Eastern Canada, 
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distribution is of particular importance. With greater time and 

expense to distribute goods, achieving the proper balance between 
adequate levels of customer service and minimizing costs of distribution 
from centralized plants to retail outlets, is of considerable economic 
consequence. 

The problems of achieving adequate levels of customer service 
and minimizing distribution costs are important in an economic sense 
and also because they are frequently the problems for which management 
has the fewest answers. Questions of the "What if...?" variety, directed 
at a distribution system can not be answered nor can plans be formulated 
EQueoyrece inefficiencies until the range of behavior of the system 
is brought to light. 

The influence of environmental and technological changes that 
affect distribution systems results in a continuing need for their 
evaluation. The trend toward higher warehousing costs, decreased 
shipping lead times, population growth, increasing urbanization, and 
changes in marketing methods alters the balance between cost and 
service. In order to maintain a proper balance the system must be 
evaluated and adapted to changing conditions. Distribution systems 
must be planned and evaluated in a dynamic setting that precludes 
the establishment of specific optimum solutions for all time. 

Logistics problems have received more attention from operations 
research people since 1950 than any other class of business probiem. 
Unlike many business problems solved by operations research which 
are directed toward finding least~-cost solutions, logistics problems 
are composed of conflicting objectives which must be balanced to 


achieve a solution. Logistics problems are encountered in organizing 
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and managing the flow of materials from suppliers through to customers. 
McElhiney and others define business logistics as: 

---that phase of economic activity which concerns 

itself with assessing the need of goods and services 

for time utility and Opes utility and providing them 

with these utilities. 

Physical distribution is concerned with providing goods with time 
and place utility. Our principal interest is in physical distribution 
as distinguished from the logistics problems encountered in marketing 
functions such as promotion, pricing and so on. 

A physical distribution system is defined in terms of the 
transportation network and system of warehousing that links supply 
points with demand points. The problems that arise generally involve 
the balancing of customer service requirements with the cost of providing 
various levels of service. 

General techniques (with the exception of simulation models of 


specific systems) have not been developed to optimize or near optimize 


distribution systems in total but have tended to optimize separate 
components. C. W. Churchman and others state: 


...although simultaneous optimization of all phases 

of a system is desirable, practical restrictions usually 
require sequential optimization of parts of the system 
accompanied by adjustments of the "phase-optima" to 
approach an over-all optimum. 


Considerable research has been directed at solving distribution 


problems for existing distribution systems. The study of inventory 


1 paul T. McElhinery, Charles L. Hilton, Introduction to Logistics and 


Traffic Management, Wm. C. Brown Company, Publishers, Dubuque Iowa, 


1968, p. l. 


2 C. West Churchman, Russell L. Ackoff, E. Leonard Arnoff, Introduction 
to Operations Research, New York, 1957, John Wiley & Sons, Inc. 
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stocking and ordering policy has received a considerable amount 

of attention since the turn of the century. More recently with 
development of linear and dynamic programming, solutions for the 
allocation of supply to demand points and distribution facilities have 
been forthcoming .2 

In many of these problem formulations optimum solutions have 
been derived. We would be naive to think that these optimum solutions 
result in an optimum system, however. Since many of the factors are 
interrelated and the solutions overlap, consideration must be given 
to the entire system and its sensitivity to the various solutions to 
these sub-problems. 

A warehousing system becomes necessary when the time or the cost 
required to fill customer orders direct from supply points exceeds the 
allowable limit established by competition, company policy, the public 
interest or other factors relating to the ability to develop or maintain 
sales in a particular geographic area. The economic development of 
Canada clearly requires that goods be readily available in even some 
of the most remote areas in order to ensure their continued growth. 

Canadian companies are often faced with the problem of balancing 
the size, number and location of manufacturing plants and the design 
of the. distribution system that will be required to cover a sufficient 
market area to justify the plant capacities. More frequently however, 
the logistics system components cannot be designed concurrently because 


of previous commitments to serve certain geographic areas and sunk 
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costs in existing facilities. Furthermore, the fact that the production 
facilities, retail outlets and the connecting distribution system 

are usually owned by separate firms requires coordinated planning to 
achteve total systems efficiency.) This is usually difficult to 
accomplish, particularly if the distribution system handles many 
different products for a number of plants not owned by one firm and 
must make deliveries to a variety of different types of retail outlets 
typically owned by many firms. 

Since economies of scale dictate to a large extent that manufacturing 
and process facilities be of a size considerably greater than the 
immediately surrounding market area will support in Canada, the 
development of extensive distribution systems with their associated 
facilities is essential. 

For these reasons the most fruitful approach is often to consider 
production facilities and retail outlets of a distribution network 
fixed. For obvious reasons of size, investment, useful economic life 
and inability to convert to another use, production facilities are fixed 
except in the long-run. Retail outlets on the other hand, unless they 
are specialized for some particular usage, can usually be closed or 
opened readily as market conditions change or shift from one geographic 
area to another. For this reason studies of distribution systems 
frequently employ a market grid concept, dividing the area under 
consideration into many smaller areas. Each area then is assigned a 
DoLeicularenumber of potential outlets of the various types on the basis 
of demand projections and PasbedavetNateindi cates) Lheenumbersor retail 
outlets required to serve the demand. 


The study of distribution systems when all facilities are not 
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considered fixed has not met with the same degree of success as the 
case of fixed facilities. This has been due in part to the non-linearity 
of the cost functions involved and the multitude of factors that must 
be considered, many of which cannot be readily reduced to quantifiable 
Eermsr. 
Equally difficult has been the task of reducing the sheer size 
of the problem down to a size that permits solution. 
The fixed facility location problem is formulated by Leon Cooper 
in general terms as: 
Given: 
(1) The location of each destination. 
(2) The requirments at each destination. 
(3)ys Avsetiof shippingecostsyforsthe: region of interest. 
To determine: 
(1) The number of sources. 
(2)e stheslocationsofr each source. 
(8) mel hetcapacitysom.each source.4 
The number of possible configurations becomes enormous as the 
number of potential locations grow. For m potential locations there 
are 2™ —- 1 configurations to consider if at least one location must 
be established. Thus if there are eight potential locations there are 255 
DOsotemCOMELeiLa i ONS jas i) there sare, sixteen potential locations 


there are 65,535 possible configurations. Leon Cooper points out this 


4 Leon Cooper, Location-Allocation Problems, Operations Research, 


Volume II, Number 3, (May - June 1963), pp. 331-43. 


difficulty when he states that: ''The existence and use of digital computers 
barely makes a dent into some of the combinatorial problems arising 
when computation is undertaken." 
This study is focused on the location of facilities problem 
and seeks a solution in terms of the number, size and location of 
facilities. Manufacturing or plant facilities are considered to be 
fixed and as well the retail outlets are considered fixed in terms of 
the number required to meet the demands in each geographic area. Thus 
the size, number and location of warehouse facilities must be determined 


within the constraints of the transporation network, prior committments 


and established supply and demand points. 

Since techniques devised to date have been largely directed at 
solving for the allocation of demand and supply and analyzing a 
particular warehousing configuration, the task of determining those 
configurations that merit consideration is of first importance. 

The study of the location of distribution facilities was undertaken 


on behalf of the Saskatchewan Brewers' Association Limited. Although 


this organization is the distributing agent for the Saskatchewan 
breweries and maintains warehouse facilities for this purpose, they 

do not incur all the costs in distributing brewery products from the 
breweries to the retail outlets. The Saskatchewan Liquor Control 

Board pays for transportation of the brewery products from the warehouse 


facriacties touthe retanl outlets: 


2 Ibid. 
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If this cost sharing arrangement could be assumed to remain 
unchanged, even if the number, size or location of warehouse facilities 
were changed then clearly the Saskatchewan Brewers' Association 
Limited would minimize their portion of the distribution expense by 
warehousing at the brewery sites. However, it is recognized that changes 
in the sharing of distribution costs would be necessary to provide 
an equitable situation for both parties if changes are made in the 
number, size or location of warehouse facilities. 

Since the sharing of distribution costs is a problem to be 
solved by the organizations involved in the distribution of brewery 


products this study does not attempt to present methods of sharing 


distribution costs or discuss the merits of the present arrangement. 
The important aspect of distribution for all organizations involved 
is the total cost of operating the distribution system for the movement 
of brewery products from the breweries to the retail outlets. 

Thesmimimization of total physical distribution costs 1s an 
objective of importance to all organizations sharing in these costs. 
Therefore the problem of determining the number, size and location of 
warehouse facilities is examined in the context of the total physical 
distribution system. 

in order to reduce the Scope of this study to the limitations of 
time and finances available many of the component problems are left 


unsolved. These include the optimum inventory policy that accounts for 


customer service, warehouse space, railway car loading and so on, the 
number of loading docks and their location, manpower deployment and 
other areas. 


The possible political considerations are not discussed although 
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they could outweigh some of the cost factors. No attempt is made to 
define constraints of this nature or speculate on their repercussions. 
Some of the assumptions which specify that present methods will continue 
to be used may very well invoke the comment "This may be true, but 
what if we changed ...?". Assumptions are made to define the problem 
and impose sufficient limitation to permit solution within the constraints 
of time and expense. As a result of this study changes to the distribution 
system and alteration of the assumptions made can be suggested with a 
better understanding than was previously possible. 

Chapter II discusses the brewing industry, products, and regulations. 
It provides background information on the Saskatchewan beer distribution 
system and developments leading up to the location of warehouse 
facilities problem. 

The starting point for the analysis of a distribution system is 
to isolate the areas of expense and examine those activities which 
account for the major Roeeren of the total operating cost affected 
by the number, size and location of distribution warehouse facilities. 
For the Saskatchewan beer distribution system the greatest expense 
is incurred in transportation (Brewery to warehouse and warehouse to 
retail outlet) and in the operation of warehouse facilities. 

The underlying factor determining the magnitude of these costs 
to a large extent of course is the volume demanded by the ultimate 
consumer purchasing these products from the retail outlets. 

Chapter III examines each area of distribution cost and develops 
a methodology for projecting demand and estimating the costs of 
transportation and warehouse operation. 


Using the methodology developed in Chapter III a distribution 
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system model is developed and presented in Chapter IV. The model 

develops cost projections for each of the possible warehouse configurations 
assuming different years and various warehouse construction cost 

factors. 

The results of the distribution system model are then analyzed 
to isolate the configurations of warehouse location, number and size 
that merit consideration as best solutions. In addition, the degree 
of sensitivity of the cost of various warehouse configurations is determined. 

The results provide conclusive evidence of the direction in which 
the optimum solution lies. Seven configurations of warehouse location, 
number and size are isolated as the best or next best alternatives 
Prnespectivesousthe year or building construction cost within the 
selected range. 

The solutions for less than eight warehouse facilities become less 
and less attractive in successive years. The result is that by 1982 
all solutions for fewer than eight distribution warehouse facilities 
will incur a greater expenditure than the solution of establishing 
alimeienteracmlicies, 

The question of whether there should be more than eight facilities 
is not answered by the analysis. However, the selected potential 
locations for warehouse facilities are in the largest population 
centers in each area and only a very few centers would be feasible in 
Saskatchewan where the population is predominately rural. Therefore 
extension of this analysis to include other potential locations is 
of limited value. 

This study provides a definite indication of the approach that 


should be taken to improve the distribution system and other areas 
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that could be examined for improvements. The region in which the 


optimal solution lies for the number, size and location of distribution 


warehouse facilities for Saskatchewan beer distribution is set out 


and the plan for reconstructing warehouse facilities is discussed. 
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CHAPTER II 


THE DISTRIBUTION OF BREWERY PRODUCTS IN SASKATCHEWAN 


In order to adequately describe the system for distributing 
brewery products in Saskatchewan it is necessary to provide a brief 
outline of the organizations involved, the nature of the products and 
their manufacture as well as the regulations affecting beer distribution. 
In addition, the demand for beer products served by retail outlets, 
the system of warehousing presently employed and the transportation 


network are discussed at some length. 


Organizations 

The brewing industry in Canada at one time was characterized by 
many smaller breweries dispersed across the country roughly in 
proportion to the population. They were typically family enterprises 
and enjoyed an expanding market. This situation has changed considerably 
today. In every region there is an oligopolistic situation where 
large breweries of comparable (but not necessarily equal) size compete. 
After the first world war a movement towards consolidation gained 
momentum. This is shown by the fact that at the close of World War II 
there were thirty independent companies operating sixty-one breweries. 
By 1965 there were only ten companies operating fifty-two breweries. 
In 1966 Molson Breweries Limited operated nine breweries, John Labatt's 
Limited operated eleven breweries and Canadian Breweries Limited operated 
nineteen. Thus of the fifty-one breweries operating in 1966, only 
nineteen were operated by the seven smaller firms s- 

: Brewers' Association of Canada, Brewing in Canada, Ronalds-Federated 


Montreal, 1965. 
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Brewery consolidation has not meant just consolidation of ownership. 
It has also meant a reduction in the total number of breweries. Largely 
as a result of prohibition laws, the number of breweries in Canada 
decreased by forty-two per cent from 1915 to 19706 This trend 
was also general throughout the world brewing industry. Between 1870 
and 1962 the number of breweries in the United Kingdom dropped from 
an estimated 32,682 to 317.3 

The number of breweries is a balance between achieving economies 
of scale through centralized production facilities and the cost of 
transportation to retail outlets. In Canada, where the population 
is widely dispersed it has been necessary to sacrifice some of the 
economies of scale in return for reduced transportation costs. Thus it 
is not unexpected that the average production per brewing plant was 
4.87 million gallons in Canada in 1962, while the United States average 
was 11.30 million for the same Benioda In the province of Saskatchewan 
during 1962 the average production per brewing plant was 2.11 gallons,> 
further illustrating the regional nature of the brewing industry and 
its location close to the markets it serves. 

Since beer is heavy, far from durable and the raw materials are 
light and fairly ubiquitous (i.e. water) the breweries are located near 
consumers rather than sources of material. However, developments in 


transportation technology have made it more economical to ship beer and 
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Calculated from data contained in Brewers' Association of Canada Sales 
Bulletan May 17, 1968. 
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production technology has made it possible to develop products which 

are more durable. Thus the forces working toward industry consolidation 
are also favored by advances in technology. Another force which encouraged 
consolidation was market growth. The market had only been expanding 

at about the same rate as the growth in population and until recently, 
disposable income. Thus the only route to follow for firms to expand 

more rapidly was through merger and acquisition. 

The Canadian brewing industry has not become integrated either 
vertically or horizontally to any significant extent. Some like 
Molson Breweries Limited with a hops farm in British Columbia have 
become vertically integrated while many, regulations permitting, have 
opened retail beer stores. Forward integration like the ownership of 
retail outlets has usually been discouraged by the provincial governments, 
particularly in Western Canada, while backward integration like that 
undertaken by Molson Breweries Limited has been quite limited. 

It is interesting to note in the last few years those brewing 
companies which have been the most successful in gaining an increasing 
share of the market and showing favorable profits are those pursuing 
diversification aggressively. A newspaper article carried the following 
1bems 


John Labatt Ltd. have announced the opening of a new $650,000 
centre for scientific research. The company said research in 
the centre will be aimed at "strengthening Labatt's facilities 
for diversitication into fields other than brewing”. “The 
Labatt research program was launched in 1952 in a 300 square 


foot pilot brewing plant .6 


© Southern News Service Ltd., The Edmonton Journal, Edmonton, Alberta, 
February 7, 1969. 
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Pitfield, MacKay, Ross and Company in their annual review of Molson 
Industries describe the company as a "fast growing conglomerate active 
in Canada, the U.S.A. and Europe," formed by the association of Molson 

; <a : 2 
Breweries Limited and Anthes Imperial Ltd. A further statement about 
the Company seems typical of this new outlook in some of the brewing 
companies. 

Molson's new president, Mr. Donald S. Wellmot, who directed 

Anthes Imperial in a diversification program which increased 

Anthes (saleseat @ 25, per year mate tiromes!4 miliion vin 

195e8sto59/.2 million in 1967, 1s expected to add impetus to 

the diversification of the Company. Particular interest is 


being centered on diversification abroad (where Molson 
Industries presently obtain about 13.0% of its gross sales) 


with an emphasis on growth in the U.S.A. Sound financial 
backing for diversification is available through the cash 
throw-off from Molson's brewing operation. 

Canadian Breweries Limited represents a consolidation of ownership 
of a number of Canadian breweries. They have not diversified significantly 
from the brewing industry. In addition to their Canadian brewing 
interests they also have interests in brewing in Ireland and the 
United States. Although Canadian Breweries Limited operate the greatest 
number of plants in Canada, in recent years they have experienced 
a sales volume increase below the industry average, in some years only 
managing to hold their own. 

Brewery sales by Molson Breweries Limited are second in Canada 
to Canadian Breweries Limited. They have approximately thirty per 
Centeorethemmarket sales and account, for seventy per cenl of their 


sales in Western Canada. Beer sales represent about sixty per cent 


Ofetheiretotal sales dollar andvis largest#in terms of capital 


7 Pitfield, MacKay Ross & Company, Annual Review of Molson Industries, 
iepeeonuary 969, p. 4. 


2 Ibid. 


mery ya i ©. \ 
m ‘ - 7 a / 
a : in .7) 7 
' - _ 1 sae 
i ‘ ' ute 
“a o é ; : : \ a . i 
t 7 » af ; 
7 


seatiie Vi 1015) tenon. ‘sheds at asiuryaiicY eS 


: eto waxy! nen antuacs vee”? yck yaignaa Pe 
: oan ta salzetouaiy att ve hagted- \(oqetty fae lea 


t P aa 
tuoda nse to $e sedvaes A “,h0d ingtsqnl oatiek bre DaereRe: 


. gniwisy! ad? Yo ak at Snglive yen. atdy Jo feaigus eons l 
ae : . : 
um 


hefowcih ofw Joulied 2. hLenol ot ooeb) sea, wee a! 
hogeeeoyi aby the GIQa1y vies tao Pi be iat & if Tatscepod 


ad weftiiie he apy) siev ayy tad Tek de meh mine ere 
of aijogs: ile oJ. tesa aqny et avoee ats rip OL Pie 29 Fa 
=! Sepisinl. tgieizevey. -% ries pak Zo inottas Vifeaay 
-  -goatell afaticy? basis, tor lar)) Perel Sarasa 
tenkge “aera. 623 Ao 50,67. sade alnyda wia igrasy 2b eaeghek yo: 
Pe tatn sis bie? A O74 mit 2 tava 26 ieee is inaw 


=F > ers. od? taghyas Si del pore cet, 0 bse Ei lae wih we tf : 
; A / 8 mn SYAIS{O gawd 2 'iyabch vod SES : a7 


en e 


| 


qhdarvsuve Mm pobtchtiodnes ws. edtietdages bostinh! - tio ot nn tboaad 
el4agt — bat Lintgy [6 Son -SvVeAtved?T “Y Fesciasd né al 9 Jo tednee <0) 
griweyrs is. pean.) tists Ad wos ey yal. |. Wesonkiel webeaad sis a 

ott bite ban | at! és gnatwoadl wl stadtreink oval ete yout a 

SeesaeTy B02 sseqiqn bptinit ayleqword a er, HERES -e9ieg® ff 

4 i : F 

Susis ase et Yikt eBay Juese> at : dened nit agnety, to 

glee whroy 20a 7? . sant tetaubal of9 wad stietsald Seales 

ar ; | ron > ere 1 Eels blot o3 atgas 

netted +i turGdo0, sis ba7inal 2a) tous watoM ve catag ane 

fod wore ylajoni= stqG8 Sven) yatit » bastighd itawert + 

. ‘ties? Je Ineo vat Yanan < TO2 SOS bina ois ees 
“Hee tag yoele ios Insegeys? sales i999 eae | : 


ee Wd toe ofa et 2 2anyel 2i< brs seth Rie F 


a Ware 


employed.? 

John Labatt's Limited accounted for about twenty-seven per cent 
of the brewery sales in 1968 and their sales continue to increase 
more rapidly than the industry average. In 1968 beer sales still accounted 
for about eighty-four per cent of their total sales although they 
are continuing to diversify. 

Retailed information on the variation of costs between breweries 
of different sizes in different locations is very limited, therefore 
indications of the overall cost only can be given. During 1968 
the following costs were experienced by Molson Breweries Limited, 
expressed in percentages: 


Operating Costs: 


Labour Sac 
Malt barley and other materials dyes 
Packaging materials Les 
Advertising, freight, etc. ae 
Total Operating Costs 50m 
Operating Profit ae) 
Net Sales 100.0 


Depreciation during the last five years has been between 4.68 
per cent ie 964 ands3esCepem centiyin l96/mo0r average gross Iixed 
assets. 10 

The brewery industry in Canada was one of the first industries 
to be unionized early in this century. Today Canadian breweries are 
more highly unionized than in the United States. Although labour 
relations have generally been good with brewery workers traditionally 


receiving higher wages than industry in general, there are occasional 


2 Ibid. 
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labour disputes which seriously affect the industry. In 1968 a strike 
occurred in Ontario from June 21 to July 17, the peak sales period, 
and sales were markedly affected. 

The various breweries in the industry have formed associations 
both provincially and nationally. The national association is the 
Brewers’ Association of Canada located in Ottawa. 

In most cases the provincial associations serve as distributing 
agents for the member breweries as well as serving in a public relations 
Capacity Gor thes industry, particularly with respect to negotiations 
with government authorities and associations formed by retail outlets. 
In Saskatchewan the Saskatchewan Brewers' Association Limited is the 
distributing agent for the five provincial brewery members. 

The breweries operating in Saskatchewan are as follows: 


ibe The Carling Breweries (Saskatchewan) Limited, 
921 Albert Street, Regina 


25 O'Keefe Old Vienna Brewing Company (Saskatchewan) Limited, 
519 Second Avenue, Saskatoon 


3. Sicks' Bohemian Brewery Ltd., 
Hue /eStreet West, Prince Albert 


4. Molson's Regina Brewery Ltd., 
Dewdney and Toronto Street, Regina 


5.  Labatts' Saskatchewan Brewery Limited, 
Saskatchewan Crescent and 8 Street, Saskatoon 


Canadian Breweries Limited own Carling Breweries (Saskatchewan) 
Limited and O'Keefe Old Vienna Brewing Company (Saskatchewan) Limited 
in Regina and Saskatoon respectively. Molson Breweries Limited own 
Molson's Regina Brewery Ltd. in Regina and also Sicks' Bohemian Brewery 


ut Throughout this paper the Saskatchewan breweries will be referred to 


as Carling's, O'Keefe's, Sicks', Molson's, and Labatt's respectively. 
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Ltd. in Prince Albert. John Labatt Limited only owns one Saskatchewan 
Brewery, Labatts' Saskatchewan Brewery Limited in Saskatoon. 

The Saskatchewan Brewers' Association Limited (SBA) was established 
by the Saskatchewan breweries. The SBA is owned by these breweries 
and receives its direction from a board consisting of five members, 
one from each brewery. The function of the SBA is primarily to act 
as the exclusive distributing agent for the member breweries. In 
addition, it serves the breweries in a public relations capacity. 

The SBA is responsible for relationships with the Provincial Liquor 
Control Board (LCB), the Hotel Association of Saskatchewan, and 
the general public. 

As the distributing agency the SBA is responsible for the transportation 
and intermediate storage of brewery products between the breweries 
and the various retail outlets. As well they handle the collection, 
storage and shipment of empty containers back to the breweries. 

Eight warehouses are currently operated by the SBA for intermediate 
storage of beer between the breweries and retail outlets. These are 
located in the following Saskatchewan cities: Moose Jaw, Swift Current, 
Weyburn; Yorkton, Regina, Saskatoon, Prince Albert, and North Battleford. 

Ordering from the breweries, storing and warehouse handling is 
carried out by the SBA. However, orders filled from the warehouse 
for delivery to retail outlets are placed by the outlets with the Provincial 
Liquor Control Board (LCB) who maintain personnel for this purpose at 
each warehouse. These orders are processed by the LCB who also collect 
payment from the retail outlets. The order make-up and handling is 
carried out by the SBA at the warehouse under the supervision and 


direction Omthe LOB. In effectsthe products are sold to the LCB 
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who take delivery at the warehouse as required to fill orders placed 
by the retail outlets. All beer must be sold through the LCB in 
Saskatchewan. 

The Provincial Liquor Control Board is an organization established 
by the Government of the Province of Saskatchewan to control the sale 
and distribution of alcoholic beverages. In addition to acting as 
an intermediary between the SBA and the retail outlets, the LCB 
operate retail stores which sell alcoholic beverages, including beer, 
to the public for off-premises consumption. They are also the licensing 
body for ee and retail outlets. 

The retail outlets consist of beer parlors, beverage rooms, dining 
rooms, cocktail rooms, restaurants, clubs and canteens. As well, 
in isolated areas and summer resorts, special vendors are licensed 
(usually drug stores) for the off-premise sale of alcoholic beverages. 

Beer parlors and beverage rooms are located in hotels, the 
distinction between them being that men only are allowed in beer 
parlors while both men and women are permitted in beverage rooms. 

Beer parlors and beverage rooms do not sell alcoholic beverages other 
than beer. Both draught beer and bottled beer is offered for sale and 
consumption on the premises. Bottled beer (packaged beer) is also 
available for off-premise consumption. 

Dining rooms, cocktail rooms and restaurants serve a variety of 
alcoholic beverages in addition to beer for on-premise consumption. 
Generally a meal must be served to the patrons of dining rooms and 


restaurants in order to serve them an alcoholic beverage. 


In addition to these outlets, clubs are often licensed to sell 
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alcoholic beverages to their members and guests for on-premise consumption. 
Some clubs and canteens serve only beer, and some serve alcoholic 

beverages only occasionally, obtaining a special permit each time. 

In 1967 the Saskatchewan Liquor Licensing Commission and Liquor 

Board reported licenses issued for twenty beer parlors, four hundred 
eighty-six beverage rooms, eighty dining rooms and MeStaurants seit ty= 

one cocktail rooms, and one hundred three clubs and canteens in the 
province of Saskatchewan. In addition there were about ninety liquor 


vendors. 


Brewery Products 
The name beer is generally applied to the products produced 


through fermentation of malt and hops. Webster's dictionary defines 


"a malted and hopped somewhat bitter alcoholic beverage"!2; 


beer as 
Elves beers Leters tothe Sspecitici products called ale, lager, porter, 
stout, and so on. Occasionally, however, beer is used as a synonym 
for lager. 

Beer is a very ancient beverage and according to archaelogists 
was first produced at about the same time as bread. The popularity 
of beer continued from earliest times into the ancient Greek and Roman 
cultures. Consumed primarily as a staple food, rich in nutrients, beer 
became even more common during the Christian age.. Christian monasteries 
brewed and improved the quality of beer. 


we Webster's Seventh New Collegiate Dictionary, based on Webster's 


Third New International Dictionary, Thomas Allen & Son Limited, 
TOronco, Ontario, 1.967. 
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Beer accompanied world explorers and was first introduced to 
Canada by the French. The French intendant, Jean Talon, established 
the first Canadian commercial brewery. The industry as we know it 
today, however, is usually considered to have its beginnings with the 
establishment of a brewery on the banks of the St. Laurence by John 
Molson in 1786. Today Molson Breweries Limited operate the largest 
brewery in Canada at the same Montreal location. To appreciate the 
age of the brewing industry in Canada, the companies and year of founding 
of some of the prominent names in brewing are: Molsons 1786, Dow 1790, 
John Labatt 1828, Carlings 1840, O'Keefe 1846, Lucky Lager 1858. 

The later centuries of the brewing industry were accompanied by 
improvements in the quality and distribution of beer. However, the 
basic production technique, natural fermentation, continues in the 
early traditional manner. This does not mean that the production 
techniques are unique. "There are as many differences in technique 
as there are breweries, and no one beer is quite the same as any other 


inks 


bavleyp malic ethe basic aneredient sin beer SywBarley malt is 
barley Bien neice been allowed to grow to a limited extent is kiln 
dried. In Canada barley malting plants are located at Calgary, Winnipeg, 
Fort William, Toronto and Montreal. Malt is shipped from these plants 
to the Saskatchewan breweries. 

Bottled beer is becoming increasingly popular. It is pasteurized 


after bottling by heating the bottle and contents to about one hundred 


13 Sohn Vaizey, The Brewing Industry 1886-1951, An Economic Study, 


So Tesedcelitmante sons Ltd., London, 1960, p. /8. 
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and forty degrees fahrenheit for ten minutes and then quickly cooling 
again. In this way, and with the addition of other ingredients in 
some instances, bottled beer is much more durable. The breweries 
however, still feel that bottled beer should be consumed within three 
months. Kegs, or draught beer is not pasteurized since it is intended 
for immediate consumption. It is not recommended to store draught 
beer for more than three weeks. The carton sizes for compact twelve 
ounce bottled beer are six, twelve and twenty-four bottles containing 
0.45, 0.9, and 1.8 gallons respectively. Draught beer is stored in 
aluminum kegs called half kegs and quarter kegs containing 12.5 and 


6.25 gallons respectively. 


Regulation of Beer Distribution 

The legislative control of beer consumption has a history almost 
as old as the industry. By the thirteenth century in England, price 
regulations were in effect in addition to the medieval laws governing 
quality and quantity. 

Legislative control has thus been one of the major determinants 
in the development of the industry. Indeed John Vaizey writes of the 


Use athe stateus amposition of Licensing 


situation in the United Kingdom 
and duty has determined the broad structure of the market, affecting, 
in particular, the general level of prices and the number and location 


of retailers."!4 His remarks are as applicable to the Canadian 


industry as they are in the United Kingdom. 


Paid 


Ls 


esJunimst ‘Pel 2 ™ a7 or vo 


We? yk saa 


ar 


46 si mois 


Sn wm t wid b is sb » mld Pee: oo 


ibhw aus) Aiea : dats 


-_ 
uF re 
rar, sift el 149% 


ea 


IO. <Z, ean srtavanls 2 = é - . r 
; sa ; 
maj » = 1 e 


J. nar ene 


= 
. uta etry ay ia iz ao 


‘i 
ben 


. 24M tiga bot ris Waal ence 


oe 
Uitte na" aw na 2 


: P : af i - 7 ah 
Lindiyseid seat Fo mst elagos 
. ‘ 


: : s a 
156d 39 [otnogeevss ‘thao aa 
i ie 
+ 
iis etait 


mocu lobe wl soa 13 wns “2. wiih 


Vests ’ val Yates iZ sea 


i ul —T 7 
+ Yt Jibisp 3 a ~ Pe miss 
; ; i a = Ly o i 
mad aura ash Levjeos avigmia ons 


_ 
“ha 


ee Sees ? ar} 4 Fry a ssmgeLavel pil 
_—" ia 
1.21 dehsa he aw’ sy aa. . 


4 1 ae : 


hide thud oft henles 2760. 
T nV, rt iuy oo y aif 
) i 
rt & 2 se i ati aii ' 


att bor) ta silt ut ee rita 


= 


oxy 


5 
a Py iJ 


on 


The Federal Government in Canada imposes an excise duty on beer 
of forty-two cents per imperial gallon. This is of special significance 
since the beer is measured and taxed at the fermentation stage of 
the production process. The tax is payable immediately although it 
can be several months before the beer is actually sold. The Brewers' 
Association of Canada estimated that the carrying charges for inventory 
held by Canadian breweries was therefore $600,000 higher in 1965 


because of the tank? 


The tax also has the effect of introducing 
some artificial problems of production because extra precaution must be 
taken to avoid wastage once tax has been paid on the beer. In addition 
to the excise duty, brewers must also contend with the twelve per cent 
federal sales tax on manufactured goods. This brought the 1968 
taxation to about $8.69 per 12.5 gallon keg. The breweries receive 
approximately $23.12 per keg in Canada, thus netting about $14.43 
atterothe excise and sales taxes. t® 
The provincial governments have authority over sales and distribution 

in their respective provinces. Through liquor control boards the number 
and location of retail outlets is controlled as well as breweries. 
They are actively engaged in distribution through government owned 
retail outlets for off-premise consumption and in some provinces, 
DaLticwlariyecaskatchewan, a considerable degree of control is exercised 
over the distribution to all outlets regardless of whether the 
government owns the distribution facilities or not. 

15 


Op. cit., Brewers' Association of Canada 
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The retail outlets are divided into several categories by the 
licensing law. These are highly regulated as well with seating capacity, 
decor, entertainment and so on, falling within the administrative 
powers of the provincial liquor control boards. In Saskatchewan beer 
for home (off-premise) consumption is available through government 
operated liquor stores, specially licensed vendors, beer parlors, 
beverage rooms and in the larger centers by home delivery service. On 
premise consumption is offered in beer parlors, beverage rooms, restaurants, 
dining rooms, cocktail lounges, private clubs, military messes, lounges 
and dining cars on trains and planes. None of the outlets are permitted 
to serve or sell liquor on Sundays and as well their hours of operation 
are regulated during the. remainder of the week. 

The duty, taxes and legislative control reduce the scope for 
retail competition. The location and operation of retail outlets 
is closely supervised and regulated thus tending to standardize 
marketing practises at the retail level. With the government imposed 
taxes and fixing of its own price mark-up on brewery products between 
the breweries and the retail outlets the retail price is disproportionately 
greater than the price paid to the brewer. Thus, even if government 
price fixing were not in existence the scope for retail price competition 
1ISeStriculy limited. 

The quality of beer can be varied by the brewer and since most 
consumers are not expert judges there exists wide scope for imperfections 
ipeenewmarset. (hus the price of beer 1s not closely tied to production 
costs. However, it should not be assumed that the more profitable 
breweries are necessarily producing the lower quality beers. Because 


of the organization in most breweries, commercial considerations are 
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often subordinate to technical expertise and they usually brew to a 
greater precision of quality and taste than the market requires. 
Perhaps this is also an endeavor to maintain their own high standards 


of quality and discourage further government regulation. 


The Demand for Beer 

The market for beer is characteristically stable. Although many 
factors affect per capita consumption, for the country as a whole, 
Significant changes take place only over long periods of time. The 
quality, price and ease of purchase are certainly significant. However, 


disposable income, state of the economy, price of competitive beverages 

and the weather are the underlying factors affecting per capita consumption. 

Generally the market expands at about the same rate as the growth in 

adult population predominately in the twenty to fifty year age group. 
Since 1926 the consumption of beer and spirits have followed the 

disposable income increase very closely until about ten years ago. 

From this point, income rose much more rapidly than the increase in 

consumption of either beer, wine, or spirits. However, wine and liquor 

consumption did move up steadily during this period while beer consumption 

remained generally at the same level. Since 1949, in Canada, per capita 

consumption of wine has increased 38.9 per cent, spirits 27.9 per cent, 

ey, 


carbonated drinks (estimated) 23.0 per cent and beer 5.3 per cent. 


Per capita consumption changes have varied according to geographic 


region. As well, preferences for different beers is markedly different 


in various regions. 
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Western Canadians consume lager in preference to ale. West of 
Ontario the highest ale consumption is in Manitoba -- 4.1 per cent -- 
while in Quebec ale consumption is 95.5 per cent and in Ontario 64.4 per 
eent of the total gallons carne, 

In Saskatchewan, wide fluctuations in personal disposable income 
are experienced with good and bad crop years and the ability of the 
farmers to market their production. In the period 1949 to 1962 
increases have been: spirits 51 per cent, wine 47 per cent and beer 
20 per cent. 1? 

The trend has been toward packaged or bottled beer, rather than 
draught beer. This has been attributed largely to the increasing 
consumption of beer at home rather than at facilities for on-premise 
consumption of draught beer. At the outbreak of World War II, 45 per 
cent of the beer sales in Canada was draught beer while today it accounts 
for only about twenty per cent of the total gallons consumed. This 
change has not been true in all areas consistently. Changes in the 
price of draught or bottled beer have occasionally reversed this trend 
in some provinces for a period of time. 

The demand for beer as it relates to the physical distribution 
of beer must be defined by geographic area in order to relate the movement 
of goods through the distribution network to their ultimate destinations. 


Unfortunately statistics on beer consumption in Canada, like 


many other product statistics is usually summarized by province. Thus, 
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less is generally known about the distribution of demand or product 
preferences within each province, Statistics on consumption that 
are readily available therefore are often of limited value to the 


distribution system planner. 


The System of Warehousing 

The SBA currently operate eight distribution warehouses in 
Saskatchewan to handle the distribution of full goods from the breweries 
to the retail outlets and receive empty bottles and kegs for their 
return to the breweries. According to Heskett and others: "When 
located between a supply area and a production point or between a production 
point and a market, a materials handling warehouse serves primarily 
as a storage-in-transit morn enGa” This is very much the function of 
theSBA warehouses. The main activities at each are receiving full goods 
and empty containers, holding each in storage, selecting orders of 
full goods, consolidating empty containers, shipping the full goods to 
retail outlets and shipping empty containers to the breweries. 

The warehouses serve as depots for the return of empty bottles 
and kegs. Thus the empty container return system shares warehouse 
facilities and personnel with the system for the distribution of 
full goods. The warehouse is the only point at which the two systems 
interact except at the brewery locations. The interaction at the warehouses 
is not a necessary characteristic of the distribution system and could 


very well be altered if a study of the system for returning empty 


ZOSTALIS Heskett, Robert M. Ivie, Nicholas A. Glaskowsky Jr., Business 


Logistics, Management of Physical Supply and Distribution, Ronald 
Press Company, New York, 1964, p. 378. 
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containers were to advise such a change. Since the shipping rates are 
not affected by the availability of a return haul and the necessary 
equipment, personnel and space requirements at each warehouse can be 
determined separately for the full goods distribution system, this 
study will not include an analysis of the empty container return system. 

It is recognized that there are economies to be gained by using 
the same warehouses for both full goods and empty container distribution, 
however the type of storage required for full goods requires security 
and controlled temperatures that are not required for empty containers. 
Thus it appears only reasonable that the warehouse space requirement 
for both systems will not be completely interchangeable. Only about 
eighteen per cent of the bottles from full good sales are returned 
and they only incur a freight cost in their return from the warehouse 
to the brewery. Thus, while the costs are less, the low return ratio 
indicates a need for investigation and perhaps changes to the empty 
container return system. 

With the exception of self-appointed, independent agents the 
warehouses are the only empty container return depots. Therefore any 
changes to the number or location of warehouse facilities will necessitate 
changes to the empty container return system if the same number of 
return depots are to be provided. 

All brands and package sizes of bottled and draught beer are 
stored at each warehouse. In addition, three out-of-province brands 
are stocked at each warehouse for shipment to liquor vendors and 


special vendors as required. 
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The Transportation Network 


The transportation network consists of the movement of full 
goods from the five Saskatchewan breweries to the eight distribution 
warehouses and from the eight distribution warehouses to about 750 
retail! outlets: 

Shipments from the breweries are primarily by rail in carload 
quantities. There is daily train service from each brewery to each 
warehouse with the exception of Weyburn which has train service three 
days per week. The time in transit seldom exceeds two days; however 


stock shortages sometimes necessitate the movement of small quantities 


by truck. As well, for some breweries' products the sales volume is 
not sufficient to dispose of carload quantities before product age 
limitations arise. In these cases smaller quantity shipments are 
made by truck to the warehouse. 

Shipment from the warehouses to retail outlets are in smaller 
quantities and transit time is of more importance since this is an 
aspect of customer service. These shipments move primarily by truck. 
Trucking services are offered to all destinations accessible by road 
by a large number of independent trucking companies and main routes 
are usually served by several competitive firms. A few locations are 
served by rail either because of the preferences of the outlet or 


because the location is only accessible by rail. These are very 


limited in number. Truck service is daily to most points, however 
some receive service only every two days. 

Transhipments are not made, that is shipments from one warehouse 
to another, even when emergency shipments are required to prevent an 


out-of-stock condition. 
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In Regina, Saskatoon and Prince Albert, where breweries are located, 
a number of shipments are made to retail outlets direct from the 


breweries. However, the SBA reports’ that: 


...the practise of shipping the local brewery products 
from the local warehouse is ever increasing because of 
the revised trucking tariff which is broken down into 
(1) shipments under 1000 lbs. (2) shipments of 1000 


to 2000 Ibs. and (3) shipments over 2000 lbs. Another 
factor is that we can no longer combine shipments 
from the brewery to a licensee with a shipment from 


the local warehouse to the same licensee; therefore 

we are confronted with 2 separate shipments and lower 

weight per shipment. 

As will be pointed out later, the present analysis of the distribution 
system assumes that all shipments are made from the warehouses since 
this appears to be the trend and as well; the information available 


does not provide a method for determining the number or size of 


shipments made directly from the breweries. 


Background to the Problem 

As stated previously, the problem posed is essentially one of 
determining the number, size and location of distribution warehouse 
Pace eies. sine optimal solution is certainly not clear intuitively 
and extensive analysis performed to date has not been successful in 
convincing management of the appropriate course of action. 

In 1962 the SBA formed a materials handling committee to study 
the distribution system and set out recommendations for improved 
operations and efficiency. In addition to recommending improvements 
to the methods of handling goods such as palletizing all warehouse 
facilities, new warehouses were recommended to replace the existing 


facilities at all sites except Prince Albert. As a result of these 


21 Letter from N. Wilken, Warehousing Supervisor, Saskatchewan Brewers' 
Association Limited, Regina, Saskatchewan, March 6, 1969. 
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recommendations new warehouse facilities were constructed and in operation 
at Regina and Saskatoon in August and March of 1965 respectively. The 
cost to construct and equip these facilities was underestimated by about 
twenty per cent and as well the anticipated labour savings were not 

being achieved. 

In June 1965 an engineering consulting firm was engaged to study 
the distribution system with the purpose of determining whether some 
warehouse facilities could not be eliminated and the method of distribution 
improved. A containerized system of delivery by SBA-owned and operated 
trucks and related equipment, termed 'Direct Extended Delivery" was 
recommended. As well, warehouse facilities were recommended only 
at Regina, Saskatoon. and Prince Albert. 

Due to the many intangible factors involved and lack of demonstrated 
evidence to support the recommendations made, as well as the fact that 
improved customer service did not appear evident under the proposed 
system, the SBA directors formed the Saskatchewan Distribution Committee 
to investigate the recommendations further. 

The Saskatchewan Distribution Committee has investigated a number 
of areas of distribution including the empty container return systen, 
the location of distribution facilities and alternative shipping arrangements 
such as contract deliveries from central warehouses. To date, the results 
have been inconclusive in determining the optimum number, size and 
location of distribution warehouse facilities. 

The problem is particularly important since these decisions involve 
a considerable Capital outlay and will determine the network of 
distribution for many years to come. Heskett and others state: 

Three of the most important internal constraints in 


temmsmoLtetneiredmpact on the lopistics system, are 
customer service standards, fixed facility location 


Ose a " beer 


7 ’ x : 
HIPWES Wha) Briss PTY ci): ai 3 


ae 


i : a o 7 
wy" eat an sent. Dries: 3 a eold Ht. nage Stee a a ; 
7 _ 7 
a ip nd Pat tlott oot eae ee ‘renee 
_ 
7 a - 7 

. ' oe + Le © 

ii | : j i 4 - tyra - The: i Ine 
= , 


a 


- - a -_ 
49% ap 4 a € ae) 
re : 


1 ar 
eh. steep iey bx 9. Ure 3Se if] cos Sb a eT. 


- 7 * a 


| YD: 
4 c| i. 
‘ 
Serer 
i 3 
a P 
Wile 
>i 
om 
' : } 
t 
i ® 
\ a } 
USE 
' 71 r 
a 
7 
I io rolvege 
fs 
ri i y as 
, i 
a ; a 
: r i | 
¥ti42) ai 
j Yi Ts fi + ; - = ; _ ~ Va 
a] ai wnat poldud 
ds an 
. 7 
t ee bao wale» . ‘ 7 
Lend. Laois inet nha ann 
; ik ) 


7h. jielavave mr i fe e 
i ey SS Jae) Ok. .x041 2 ‘ree Sahin at! ry i 
i H iy | 1 — ‘ . ma >) - 
; cs : ‘ bid ‘aR! OSA ab ies ‘-}) Vee te 
: “oe 


Sy 


and product pricing policy.22 


Warrack, in a discussion of the location of manufacturing facilities 
pointes our that: 

Because of the indivisibilities and time lags, it is 

dverEeuluetoechrance locations, as a result, location 

cost advantages may be reaped over long periods of 

time, and cost savings of only pennies per unit are 

important .23 
These comments are certainly applicable to the location of warehouse 
facilities for Saskatchewan beer distribution. 

Many of the current warehouse facilities are in a deteriorated 
condition and result in inefficient materials handling due to their 
design. The following list of warehouses by relative priorities from 
highest to lowest for either reconstruction or discontinued use was 
prepared by the SBA: 

1. North Battleford 
Zev OK EON. 

3. Moose Jaw 

4, Weyburn 

Seeowl: te CuGrent 

The warehouses located at Regina and Saskatoon are newly constructed 
while the Prince Albert warehouse is still in relatively good condition. 

The concern is primarily with determining which warehouse facilities 
can be eliminated, if any. Therefore, alternative locations are not 
investigated in this analysis. Certainly the analysis could be extended 

ae Ooemcul wwe 8 L, Heskett, andsothers. 


23 Allan A. Warrack, Cost Analysis in Feed Industry Location, Feedstuffs, 
Volume 40, Number 39, September 28, 1968, p. 24. 
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to consider other locations, but the current warehouses are located 
in the largest population centers in each area and only a very few 
other centers would be feasible in Saskatchewan where the population 


is predominately rural. 
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CHAPTER TLL 


ESTIMATING DISTRIBUTION COSTS 


A distribution system is comprised of many components and activities. 
Physical distribution involves the movement of goods from one or 
several sources to a single destination or more often many destinations. 
A destination places a demand on the system for goods and the system 
responds by initiating activities to meet the demand with a supply 
of goods from the source. Physical distribution can involve consolidating 
goods from several sources to meet the requirement and breaking bulk 
supplies into a size required at the destination. The goods demanded 
at the destination must be moved from the source of supply through 
the distribution network to the destination or from some intermediate 
storage point in the distribution system through the remaining distribution 
network. 

The activities in which a distribution system incurs costs can be 
identified as the movement of goods to intermediate storage (when inter- 
mediate storage facilities exist), the storage of goods (inventory) 


and the subsequent movement of goods to destinations as required. 


These activities take place as a result of demands for goods 
at destination points. To serve demand a distribution system has at 
least two important design considerations: (1) the level of service 
in terms of time and reliability that can be maintained and (2) the 
cost of providing the service. 

When the problem of determining the optimum number, size and 


location of distribution warehouse facilities (intermediate storage 


points) is considered the interrelation of all distribution activities 
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is seen to change as the number, size and location of warehouse 
facilities change. 

Thus, to determine the optimum number, size and location of 
distribution warehouse facilities all related physical distribution 
activities must be considered. The objective of minimizing the cost 
of maintaining a given level of service must relate to the entire 
distribution system. Underlying this of course is the demand placed 
on the distribution system for the supply of goods. 

This chapter identifies the distribution system components which 
account for the major portion of the total operating cost affected 
by the number, size and location of distribution warehouse facilities. 


Each component is analyzed in an attempt to develop a methodology for 


estimating cost as the level of activity changes. 

The collection of data for the analysis of the Saskatchewan beer 
distribution system is discussed and the procedure for estimating 
demand developed and the results presented. 

The results of this chapter are then used in Chapter IV to develop 
a model of the distribution system and analyze the alternate warehouse 


configurations. 


The main cost components of a distribution system consist of 
transportation costs, warehouse operating costs and inventory carrying 
costs. The first step must be to give some perspective to these costs 
in order to determine their relative importance in the distribution 
system. 

Current inventory carrying costs were approximated in the following 
manner, which although quite imprecise does give an indication of 


magnitude. 
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Assuming eighty per cent of the warehouse capacity of 87,135 
paces and 4,299 half kegs estimated by the SBA in 1968 was utilized 
throughout the year and the out-of-pocket cost of full goods was three 
dollars a case and fifteen dollars a eer then the total value of inventory 
Redid Bwowlds pee Coo. 7/0 etsew 33.00.4503 74399 S15200) ="S2605712% 

In practise, considerably less than eighty per cent of the capacity 
is used on the average. Allowing a cost of capital invested of seven 
per cent per annum then the cost of carrying inventory is about 
C2609 /1:20x 977) ="51 8,250) in comparison, the cost of operating the 
eight warehouses is about $600,000, more than double the average value 
of inventory held. Transportation costs Consist, Gb sthe COst Of “Eranspor— 
noeree from the breweries to the warehouses and from the warehouses to 
retail outlets. Estimating these costs at about $350,000 and $750,000 
respectively the total of $1,100,000 is nearly double the cost of operating 


the warehouses.2 These approximate costs can be presented as follows: 


Annual Cost Percentage of 

1967-68 approx. Total Cost 
Inventory carrying cost S 18,000 L@) 
Warehouse operating cost 600, 000 SYh es) 
Brewery to warehouse shipping cost 350,000 20.4 
Warehouse to outlet shipping cost 750,000 17 
otal Shy 18, 000 100.0 


1 the out-of-pocket cost is the writer's approximation based on 
the price paid to the breweries of $3.825 per twenty-four bottle 


case and $19.110 per half keg. 


2 The warehouse operating costs and transportation costs are approximations 
made by the writer from information supplied by the Saskatchewan 


Brewers' Association. 
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Clearly the emphasis must be placed on the analysis of transportation 
costs and the warehouse operating costs. Nearly eighty per cent of 
the warehouse operating cost can be attributed to wages and salaries 
and as well more than fifty per cent of the total operating cost 
can be allocated to the handling of empty kegs and returned bottles. 

In the absence of economies of scale the expense for wages 
and salaries will be incurred regardless of the number of facilities 
established (since the same volume must be handled), thus warehouse 
operating costs do not represent as important a component as the above 


estimates first suggest in the solution to the problem of locating 


warehouse facilities. 


Data Collection 

The problem of data collection in an analysis of distribution 
systems is less one of collection than one of selection. Information 
exists in volume however only certain information is required for 
solution of the problem being analyzed. Heskett and others state 
the difficulty clearly that ''The greatest deterrent to the effective 
use of internal company information is the wealth of data available 
and the wide variety of methods by which it is recorded." 

The wealth of information differs in the methods by which its 
collected and recorded as well as the date and time relationships 
between recognition as having occurred and when the activity took 
place. Some information is available in detail and reproduced in 


several reports while other information is summarized in such a manner 


3 leat Heskett, RobertiMaelviewsNicholas A. Slaskowsky Jr., Business 


Logistics, Management of Physical Supply and Distribution, Ronald 
Press Company, New York, 1969, p. 4/3. 
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that the detail required for this analysis has been lost. Other information 
is not recorded and its collection could only be accomplished with 
considerable time and expense. 
The principal source of information was the Saskatchewan Brewers’ 

Association Limited (SBA) and reports they had on file from the 
Brewers’ Association of Canada and the Saskatchewan Liquor Control 
Board. 

The location of distribution facilities depends primarily upon 
the location of sources of supply and demand, volume demanded, transportation 
rates and cost of establishing and operating the warehouse facilities. 

It was decided ah oe the analysis of the problem that the 
source of supply could be considered fixed in location and able to 
supply the volume demanded without delay. Thus the initial data collection 
was concerned with the location of demand that-.is, the destinations 
and the volume demanded. 

Each retail outlet in the 1967-1968 fiscal year was recorded 
according to the type of license, 1) beverage room, 2) beer parlor, 
Syed nine room, 4) cocktail room, 5) clubs serving both draught and 
bottled beer, 6) clubs serving only bottled beer, 7) provincial liquor 
vendors, and 8) special liquor vendors. As well, each oulet location 


was recorded according to health statistical area and census sub- 


division.4 The shipment of half kegs and two dozen cases of bottled 
beer to each outlet except provincial liquor vendors and special vendors 


wase collected for the fiscal year ended March 31, 1968. 


y, 


Health Statistical Areas and Census Subdivisions are described 
in the section, Estimating Demand. 
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All package sizes of bottled beer of six, twelve and twenty- 
four bottles per package are converted to twenty-four bottle cases 
Po ces rocorcssotasiipmentsetouretalls outlets, Ini addition, the 
brewery or brand is not recorded for each outlet but only in total 
by brewery for shipments from warehouse storage. 

Draught beer is shipped mainly in half kegs containing 12.5 gallons. 
but some shipments are also made in quarter kegs. Quarter kegs are 
converted to half kegs in the record of shipments. Similarly to 
packaged beer, draught beer is recorded only in total by brewery for 
shipments from warehouse storage. 

Some shipments are made directly from the breweries to the 
retail outlets. Although these are reportedly more infrequent than 
in past years and are declining, it is not possible to determine the 
volume shipped in this manner or the type or location of outlets 
most frequently served in this way. 

The shipments to provincial liquor vendors and Siac i vendors 
was. available in total by distribution warehouse for the 1967-1968 
Lisea leyean wevutenotaby individualsoutiet. ~Thesshipments? toltthese 
outlets for the month of July 1968 was the only data available that 
would give some indication of the volume shipped to these outlets 
individually. Thus, in order to approximate the individual shipments 
for the 1967-1968 fiscal year, the totals by warehouse were allocated 
to these outlets in each warehouse distribution area on the basis of 


the July 1968 shipments. 


Shipments from the distribution warehouses to retail outlets are 
Made primarily by truck. Since the transportation rates are based 


on weight and distance, in addition to volume demanded, the mileage 
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to each outlet from each of the possible warehouse locations was 


required. The distance from a warehouse to a retail outlet can vary 

from year to year as new highways are opened, old highways discontinued 

and trucking routes change correspondingly or in response to the 

demand for shipment of all kinds of goods between different locations. 
Since common carriers are used to ship beer from the warehouses 

to the retail locations the routes and mileages published for the trucking 


industry in Saskatchewan for 1968 was used to record the mileage from 


the eight current warehouse locations to each retail outlet. Since 
some shipping routes are not given for shipping directly from a 
warehouse to a retail location it was assumed that the route would 
be the minimum distance from the warehouse by routing through one 

of the other warehouse cities to the particular destination. It is 
recognized that in some instances routes may exist through smaller 
centers that will be shorter and route changes in the future will 

be reflected in transportation cost changes. However, changes tend 
to be minor with the provincial highway system quite complete and the 
trucking industry well established. The following table shows the 


mileages between the eight current warehouse locations. 
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TABLE 1 


Tabulated Mileages Between Warehouse Cities 


| Me Gat Gane See ye 


a AO LR NS A CRE tt EAR Ee ee ra 


Moose Jaw (MJ) Ome bO 93 Ses ATA 
Swift Current (SC) 0 hey a Ss Ge ae 
Weyburn (WY) ) 209° ieee ole 298° 3248 
Yorkton (YK) Ot 2oae70s pies 301 
Regina (RG) SD) NNO) PRT ABS) 
Saskatoon (SK) Ome 03 93 
eapec Albert (PA) 0 2 
| North Battleford (NB) ) 

a -- mileage via Regina 

b=— “mileage wia Saskatoon 

c -— mileage via Regina 

d -- mileage via Regina 

@ -- mileage via Regina 

f -- mileage via Regina 

g -- mileage via Regina 

h -- mileage via Saskatoon 


Source: 1968 Saskatchewan Shippers Guide, Official Guide to Truck 
an us Rates, Volume 19, Mercury Publications Limited, 


Regina, Saskatchewan, February, 1968. 


Official Highway Map, Department of Highways and Transport, 
Province of Saskatchewan, Regina, Saskatchewan, 1968. 


Other information collected and other difficulties encountered 


in the collection and use of data for the analysis of the Saskatchewan 
beer distribution system are elaborated upon in the sections which 


follow. 
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Estimating Demand 

The location of demand and the volume demanded are the main 
factors influencing the design and operation of a distribution system. 
Demand permeates the entire system and indeed, that is why the system 
exists. Ultimately the accuracy of the entire analysis of a distribution 
system depends upon the accuracy and validity of the data and assumptions 
made about demand and where it is located. 

Demand as it affects the distribution system begins at the retail 
outlet but demand by the various outlets is derived from the final 
consumer. Individual decisions regarding the purchase of beer, the 
type (draught or packaged), the brand, the outlet to purchase from 
and when to purchase determines the demand of the various outlets. 

There are a multitude of interrelated factors affecting decisions 
in the purchase of beer. Since the interest is in demand at retail 
outlets on a geographic basis, then the factors of interest are those 
affecting purchase decisions that can be deliniated geographically 
and account for significant differences in consumption patterns and 
the general level of demand. 

The dispersion of population accounts primarily for the geographic 
distribution of demand while age grouping and income accounts for the 
major portion of the variation in per capita consumption by geographic 
area. 

It was previously stated that disposable income, state of the 
economy, price of competitive beverages and the weather are the under- 
lying factors affecting per capita consumption. Unfortunately, 
the behavior of these factors is very difficult to predict. Wide 


fluctuations in personal disposable income are experienced in Saskatchewan 
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TABLE 2 


CONSUMPTION OF BEER AND PERSONAL DISPOSABLE 
INCOME FOR THE PROVINCE OF SASKATCHEWAN® 
1942 - 1962 


Personal© 
Disposable 
Income 
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a Compiled from Brewers Association of Canada, Brewing In Canada, 
Ronalds Federated Limited, Montreal, 1965. 

, Per Capita consumption in gallons. 
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Per Capita personal disposable income in dollars. 
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TABLE 3 


PER CAPITA CONSUMPTION OF BEER BASED 
ON ADULT POPULATION® FOR THE 
PROVINCE OF SASKATCHEWAN 
1956 - 1967 


fe A (@ 
Per Gapita 
Year Consumption 


Percentage 
Change 
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Adult population is considered to be all persons 21 years of age or 
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Source: Brewers Association of Canada Sales Bulletin May 17, 1968. 


Per Capita consumption in gallons. 
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with good and bad crop years and the ability of the farmers to market 
their production. The per capita consumption of beer and personal 
cence Ts income are shown in Table 2 for Saskatchewan from 1942 
until 1962. The correlation between per capita consumption of beer 
and personal disposable income during this period is 0.82. 

Due to an inability to predict the factors underlying per capita 
consumption changes the average annual rate of increase in: per capita 
consumption based on the adult population and per capita consumption 
1956 to 1967 is used to project per capita consumption changes. This 
data is shown in Table 3. 

In order to project demand in a meaningful manner for analysis 
of a distribution system, the total market must be subdivided into 
areas small enough to be designated as demand points. 

First, the province was divided into fourteen areas corresponding 
to the Health Statistical Areas used by the Research and Planning Branch 
of the Department of Public Health in Saskatchewan. As well, the 
ten largest cities were selected as individual market areas. The 
twenty-four market areas are listed in Table 4 and the map that follows 
shows the boundaries with each market area identified by reference 
number. Next, the province was divided into areas corresponding to 
the census subdivisisions used for statistical purposes by the Dominion 
Bureau of Statistics. Each census subdivision measures approximately 
eighteen to twenty miles square. It will be noted on the map that 
the census subdivision reference numbers are also shown. 

The census subdivisions are small enough to lend themselves to 
use as a market grid, each census subdivision then being defined as 


Aedemandspointwes  hissisesupported by the fact that in 1967 .only.fifty- 
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three of the 313 census subdivisions did not contain a retail outlet 
selling beer while the other census subdivisions contain only one or 
two outlets in different locations within a census subdivision. 

In almost all cases the retail outlets are concentrated in the 
same town or city within a census subdivision and the distance between 
different locations within a census subdivision is at most a few miles. 
Rivers and other natural barriers are used as boundaries where barriers 
exist so the route between outlets in the same census subdivision 
is normally direct, 

Although the use of census subdivisions as demand points appears 
well suited to this analysis, it remains to determine the method to 
use to project demand in each census subdivision. 

When the adult per capita consumption in each census subdivision 
is calculated it becomes clear that population projections for each 
census subdivision are of questionable value in projecting demand. 

The variances are so extreme as to suggest very little relationship 
between population and beer consumption. The reason of course is 
undoubtably due to the movement of people to larger centers for the 
purchase of beer with the result of extremely low per capita purchases 
in their area of residence and high per capita purchases in the area 
containing the larger population centers. 

The per capita consumption in each market area presents a different 
result however. The relationship between gallons purchased and adult 
population is found to vary only slightly between areas. These 
variances can be assumed to result from the factors mentioned previously 


such as disposable income, weather conditions and so on. 


A reasonable basis for determining the demand in each census 
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TABLE 4 


SASKATCHEWAN MARKET AREAS 


ae a 
‘Reference 
Number 


hom 


ih Swift Current Area (excluding Swift Current City) 

2 swift Gurrent. City 

3 Assiniboia - Gravelbourg Area 

4 Weyburn — Estevan Area (excluding Weyburn and Estevan 
City) 

5 Estevan City 

6 Weyburn City 

" Regina Rural Area } 

8 | Regina City 

9 | Moose Jaw Area (excluding Moose Jaw City) i 

10 Moose Jaw City j 

het | Rosetown Area 

2 Saskatoon Rural Area | 

13s | Saskatoon City 

14 Humboldt ~- Wadena Area 

15 | Yorkton Area (excluding Yorkton & Melville City) 

16 Melville City i 

1) | Yorkton City | 

18 Melfort - Tisdale Area 

19 Prince Albert Area (excluding Prince Albert City) 

20 Prince Albert City ; 

2A North Battleford Area (excluding North Battleford City) 

22 | North Battleford City 

23 Meadow Lake Area 


24 North Saskatchewan District 
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subdivision, based on the information available, is to project the 
total gallons demanded in a market area on the basis of the experienced 
adult per capita consumption and the annual rate of increase in per 
capita consumption for the province. The projected demand in each 
market area can then be allocated to each census subdivision in the 
area in the Same proportion as the past sales have been: In the case 
of ten of the market areas, since they are cities situated in only 

one census subdivision, all of the projected sales in the market area 
is allocated to the one census subdivision. 

Although this procedure may be deficient in precision it does 
account for differences in per capita consumption in the twenty-four 
market areas and assumes that the increase or decline in adult population 
in a market area will be at the same rate in all census subdivisions 
within that market area. Since the ten major markets are accounted 
for separately the results provide accuracy that could only be improved 
upon by a detailed study of the social and economic development in 
different areas of each market. 

The population projections prepared by the Research and Planning 
Branch, Saskatchewan Department of Public Health are used to project 
the demand for beer in gallons for each of the twenty-four market 
areas. This projection was made using two base years 1966 and 1967 
and assumes that the rate of deaths, emigrations, births, immigrations 


and the ratio of male to female among the newborn will remain constant 
at the 1967-68 rates. The forward to the report by the Research and 


Planning Branch states that "No prediction is made in regard to industrial 
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development or other local specific shdmeisws 

A prey ecelons ts emades for) theryears® 196855 69,5. 70,0715 72, 77, and 
1982. The results of projecting demand in each of the twenty-four 
market areas is presented in Table 5. The average annual rate of 
increase in pér capita consumption of 2.6 per cent was used. 

Demand and sales can be considered as one and the same in this 
analysis. Since the sales made by the five Saskatchewan breweries 
constitute the total beer sales in Saskatchewan, with the exception of 
small quantities that are imported from outside the province, a 
forecast of demand is a forecast of brewery industry sales. 

A forecast of demand in gallons does not complete the demand 
information required in an analysis of the distribution system. The 
demand must be allocated to the ultimate sources of supply, the 
breweries, and identified according to the type of container, brand, 
package size and so on. However, the ability to do this is seriously 
hampered by the methods used to record historical sales data. All 
packaged beer sizes are converted to units of twenty-four dozen 
bottles and all draught beer into half kegs. As well, different brands 
are not accounted for separately but recorded only according to brewery. 
The information is broken down by brewery for each warehouse but 
recorded only in terms of total cases and kegs for each outlet, thus 


brewery market share information can only be determined by warehouse. 
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and Planning Branch,Saskatchewan Department of Public Health, 
Regina, Saskatchewan, 1967. 
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Package size information is not critical to the solution of the 
problem of locating distribution warehouse facilities except to the 
extent sthat it atftects theleize of facility required. It is known 
that only a very small fraction of the shipments of draught beer consist 
of quarter kegs and the shipping cost of bottled beer is not affected 
by the size of package utilized except to the extent that handling 
costs in the warehouse may be increased with the use of smaller package 
sizes. 

The type of container, aluminum keg or glass bottle, certainly 
is important however. The weight per gallon of beer shipped in half 
kegs is 11.9 pounds per gallon while beer shipped in bottles weighs 
17.8 pounds per gallon, nearly one and one half the weight per gallon 
of beer shipped in half kegs. Table 6 shows the percentage of total 
gallons sold in draught and packaged for a number of years in Saskatchewan. 
A trend does not appear to be established in favor of either type of 
container over the longer period from 1946 to 1967 although the industry 
generally ig of the opinion that recent bottled beer sales are increasing 
with the opening of more outlets such as cocktail lounges and dining 
rooms as well as the increase in off premise or home consumption. 

Changes in the relative price of bottled beer to draught beer is the 
principal determinant of the type of container demanded and could 

soon alter any apparent trends. For this reason the 196/-1968 experience 
is assumed to remain constant for all areas in the province. 

The market share for each brewery can be determined on a geographic 
basis only as a percentage of the total shipments made to each warehouse. 
As mentioned previously, brewery identification of the products shipped 


Lomretat. outlets is not retained: =Therefore only the record of total 
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TABLE 6 


PERCENTAGE OF TOTAL BEER SALES IN 
DRAUGHT AND PACKAGES FOR THE 
PROVINCE OF SASKATCHEWAN 
1946 = 1967 


= _ 
' Percentage Of Total Sales 


In Draught lin PACKBAaeS 
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Source: Compiled from Brewers Association of Canada Sales 
Bulletin May 17, 1968. 
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cases and kegs shipped to a warehouse from a brewery is available to 
determine market share on a geographic basis. 

If it is assumed that a brewery's share of shipments to a warehouse 
is distributed evenly throughout the area served by that warehouse then 
of course the brewery's market share in each census subdivision could 
be determined by which warehouse served the census subdivision. 

This can be an imprecise approximation but it must be noted, 
the importance of knowing the precise market share in each census 
subdivision arises when the analysis of warehouse locations introduces 
less than eight warehouse facilities. If an area served by a facility 
that was not included in the configuration being analyzed actually 
had one brewery dominating the market in one area the assumption of an 
evenly distributed market share would distort the calculation of 
shipments required from breweries to the warehouse facilities. 

Sales of one brewery however are not likely concentrated in 
any one area to the exclusion of other breweries. Rather, brewery 
sales are distributed fairly evenly over a market area. Furthermore, 
the total demand tends to be centered in the larger cities where a 
warehouse is currently located. The market share by warehouse will 
therefore tend to be a good measure for that demand center. 

The market share for packaged beer and draught beer for each 
brewery is shown in Table 7 for the 1967-1968 fiscal year. This table 
was prepared using the assumption outlined above that a brewery's share 
of shipments to a warehouse is distributed on the same basis to all 
outlets served by that warehouse. 

Since the market share in each area for brewery is determined 


by many factors including advertising, promotion, public relations and 
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the introduction of new brands, it is outside the limits of this 
analysis to project the future market shares. However, changes tend 
to take place gradually over a number of years. Therefore it is not 
unreasonable to assume the market shares will remain unchanged without 
further information and investigation. 

Since a distribution system is affected not only by the volume 
demanded but by when the volume is demanded, it is necessary to be able 
to describe the seasonality of the market for beer. 

The monthly sales of beer in gallons for liquor vendors and for 
all other outlets was collected for a five year period April 1963 to 
March 1968. Using the method of least squares a trend line was established 
and the ratio-to-trend sane was employed to calculate the percentage 
of annual sales for each month of the year for both liquor vendors 
and for all other outlets. Table 8 presents the results both as a 
percentage of the annual sales and as a seasonal index with a base 
OrgEGOR 

In summary, the demand for beer (both packaged and draught) 
in Saskatchewan has been projected on the basis of population projections 
and the rate of change in per capita consumption in twenty-four market 
areas. These projections can be allocated to demand points, census 
subdivisions, on the basis of past sales. As well, the projected 
demand can be identified as to the source of supply and the seasonal 
variation by month described. 

With this PRE OTAnT Ton a model of the system for distributing 
- brewery products in Saskatchewan can be used to analyze the operation 
of the distribution system in future years. 


6 Sohn E. Freud, Frank J. Williams, Modern Business Statistics, 
Prentice-Hahl, Inc., Englewood Cliffs, N.J., 1958, p. 436. 
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Transportation Cost Estimate for Shipments from Warehouses to Retail Outlets 

The transportation cost for shipments from warehouses to retail 
outlets is one of the largest cost components in the distribution 
System. The warehouse to retail outlet transportation costs amount 
to approximately forty-four per cent of the total cost of operating 
the distribution system. It is therefore important to develop a method 
to estimate the transportation cost in order to determine the effect 
of various warehouse facility configurations. 

The principal variables determining the cost of transportation 
are the following: 

1. The class of commodity to be shipped. 

J) nes modewor transportation to be used, 

3. The distance between the supply point and the destination. 

4, The transportation rate structure. 

5. The weight of each shipment and the number of shipments. 

Each of the above variables can be determined in quite a straight-— 
forward manner with the exception of the last, the weight of each 
shipment and the number of shipments. 

It will therefore be necessary to depart from the analysis of 
transportation costs to examine the order frequency of the retail outlets 
before the methodology can be completed and transportation cost 
estimates prepared. 

First however, the other principal variables listed above determining 
the cost of transportation will be discussed. 

Tie scy pes OL commodity in the case considered is in one transportation 
commodity class (class 70), irrespective of the type of container 


(glass bottles or aluminum kegs) or the mode of transportation used 
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(vail or truck). 

The mode of transportation is assumed to be by truck. A small 
number of shipments from warehouses to retail outlets are made by rail,. 
However, the rate is the same as the truck rate in nearly all such 
instances. 

The distance is given when the supply point (warehouse location) 
and the demand point or destination (retail outlet) are specified. 

The transportation rate structure and regulations pertaining 
thereto are legally set by the Government of the Province of Saskatchewan 
for the movement of general merchandise within the province. A basic 
rate per hundred pounds is set out for the movement of goods from one 
shipper to one consignee that in the aggregate weighs two thousand 
pounds or more. Shipments of less than two thousand pounds but in the 
aggregate of one thousand pounds or more move at the prescribed basic 
rate plus an additional ten per cent of that rate. Shipments of less 
than one thousand pounds move at the prescribed basic rate plus an 
additional fifteen per cent of that rate. However, in 1968 the prescribed 
rate also specified that shipments of less than fifty pounds move at the 
one hundred pound, class 100, rate but for not less than $1.75 and shipments 
of fifty pounds or more, but less than one hundred pounds move at the 
one hundred pound class 100 rate, but for not less than $2.00. 

It should be noted that it is advantageous to ship merchandise 
at a weight greater than actual if a lower shipping rate can be applied 
thabecesults in a lower total cost. The point at which it becomes 
advantageous to ship at a nominal weight of one thousand or two thousand 
pounds to secure a lower rate per hundred pounds is termed the break 


point. 
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TABLE 9 


CLASS 70 TRUCK RATES® FOR SHIPMENTS OF 
2,000 POUNDS OR MORE PRESCRIBED BY THE 
GOVERNMENT OF THE PROVINCE 
OF SASKATCHEWAN® 


| 


32 | 260 114 
37 270 te 
ie 280 120 
| 50 290 123 
55 300 | 125 
60 310 127 
ar | 270 130 
68 330 132 
71 | 340 ih 
75 ! 350 iy 
80 360 138 
83 | 370 140 
ao | 380 143 
89 390 145 
92 400 148 
95 t 410 150 
98 | 490 152 
100 i 430 155 
102 1 440 157 
105 | 450 159 
108 460 yen 
110 ik 470 163 
rie 480 165 
16 490 G7 
500 170 


‘ In cents per hundred pounds. 

: Prescribed November 17, 1967. 

° Prescribed February 14, 1969. 

If the exact distance is not listed, the next higher mileage, 
rate applies. 

e 


Prepared from the Saskatchewan Shippers Guide, Mercury 
Publications Limited, Regina Saskatchewan, Volume 19 (20), 
Pepruarcy. 1960, (february 1969), pp. 66-7, (pp. 67-8). 
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Table 9 that follows contains the prescribed rates in effect 
tomo /,. }ooG and 1969, 

Shipments within the same city are set by negotiation with the 
transport companies offering a Toca delivery service. The rate 
schedule shown in Table 10 for intra-city shipments does not contain 
weight categories, but they are quoted per hundred pounds irrespective 


of the total shipping weight. 
TABLE 10 


Intra-City Shipping Rates Effective for the 
Fiscal Year Ended March 31, 1968 


(Rates in cents per hundred pounds) 


a ats en er i PHN en A AA EN Sr TENA Arg RN A Heer 


City 


| Moose Jaw 
| Swift Current 
| Yorkton 
Regina 
Saskatoon 
Prince Albert 
North Battleford 
Source: Saskatchewan Brewers' Association Limited, Regina, 
Saskatchewan. 


The weight of each shipment is determined by the individual 
retail outlet and is a function of the following factors: 
1. Type of outlet, beverage room, beer parlor, dining room, 
cocktail room, club, liquor vendor and so on. 
2. Type of market served. 
3. Sales variation experienced with the day of the week and month 


of year. 
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4, Annual volume sold. 
5. Distance from the supplying warehouse and the associated 
shipping lead time. 

6. Facilities for storage of draught and bottled beer. 

7. Ability to finance inventories. 

8. Age limitations of the product. 

9. Impending price changes and other factors. 

The actual order size or order frequency experienced by type of 
outlet is not available and it is nearly impossible to account for 
all the influencing factors. However, it must be kept in mind that 
the purpose of determining the order size or weight of each shipment 
is to determine whether goods will move in the rate category of under 
one thousand pounds, over one thousand but less than two thousand, 
or over two thousand pounds. Since the most expensive rate is fifteen 
per cent greater than the least expensive rate, cognance must be given 


to order size. However, the importance of accuracy can only be determined 


fromean analysis of the -etfect of varying the order size or order 
frequency. 

The total shipments made to each outlet in the fiscal year April 
Ine 9o7etomMarch 31, 1968 were recorded as well as the type of outlet 
by license category and the mileage to the supplying warehouse. Using 
iMeseuaneportation mate structuce presented Carlier in Table); 
calculating a measure of monthly seasonal variation, introducing various 
order frequencies and calculating the resulting annual transportation 
cost reveals the degree to which the cost of transportation responds 
to changes in order size. 


An examination of the percentage of total shipments made through 
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TABLE 11 


SHIPMENTS OUT OF WAREHOUSE STORAGE AS A PERCENTAGE 
OF TOTAL SHIPMENTS BY WEIGHT FOR THE 
FISCAL YEAR ENDED MARCH 31, 1968" 


DIFFERENCE BETWEEN 
HIGHEST AND LOWEST 
MONTHLY PERCENTAGE 


t 
i 
WAREHOUSE LOCATION AVERAGE PERCENTAGE 


Draught Packaged Draught 


Moose Jaw 6.59 | See | hak 
Swift Current G06 URE | 5 ul 
‘Weyburn 3.83 | 7.91 | ee 
‘Yorkton 12.29 | 9.7/9 1633 
‘Regina ie. 69 | 23.07 ) Saas) 
Saskatoon PONE) 4 DB aI | 3.94 
Prince Albert NV seeks) | 1399 | S561) 
‘North Battleford 98 7.05 | eek 


Sar Ahern Hi 


Prepared from reports of the Saskatchewan Brewers' Association 
Limited. 
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TABLE 12 


SEASONAL VARIATION OF BEER SHIPMENTS TO OUTLETS IN SASKATCHEWAN 
APRIL 1, 1967 TO MARCH 31, 1968° 


(PERCENTAGE BY MONTH) 


Cases Shipped To Cases Shipped {| Halves Shipped 


Month Liquor Vendors : To Outlets> | To Outlets 
‘April 1967 6.1 | 6.3 | 207 
pe 1967 ons 8.5 9.4 
June 1967 10.2 | 10.2 10.2 
July 1967 | ip} 5 ) 10R9 9.7 
August L9G] : 1, 10.8 | 9.9 
Shacenae 1967 : Wed OF0) | Sh ol 
erode 1967 7.8 8.4 | 7.9 | 
November 1967 6.8 7.9 Do? 
peers £9G:/ | ibaa lho) | Uae 
ernie 1968 4.7 otk | Gee 
oe 1968 6.0 6.8 | 6.9 
pacer 1968 6.9 7.6 | 7a 

| 
‘TOTAL 100.0 100.0 LOCEO 


Calculated from reports prepared by the Saskatchewan Brewers' 
Association Limited. 


All outlets excluding liquor vendors and special vendors. 
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each warehouse by month indicates that seasonal variation tends to 
attect the province very nearly equally in all areas. It appears 
that any differences are due to local conditions such as the weather 
and local holidays or special events. This is presented in Table 
Lily 

Therefore a measure of seasonal variation by month for the entire 
province is felt to be adequate in describing the variation experienced 
in any geographic area. This is presented in Table 12 for the fiscal 
year 1967-1968. 

As ser at Pepe at the outset of this section a departure must be 
made at this point to examine the order frequency of the retail outlets 
before the development of the methodology for estimating warehouse 
to retail outlet transportation costs can proceed. The completed 
results of the estimated transportation cost for shipping from warehouses 


to retail outlets follows the analysis of order frequency. 


Analysis of Order Frequency 

The analysis of order size can be approached in two ways. It 
can be assumed that the elapsed time between orders (order frequency) 
is fixed and the order size is permitted to vary throughout the year 
as sales follow a seasonal variation. The other approach is to assume 
the order size remains constant and the elapsed time between orders 
varies. In practise both the order size and the order frequency are 
allowed to vary. 

At the warehouse these changes are experienced as fewer orders 
and smaller orders in the low volume months like January and many orders 
and larger orders in July and August, the peak volume months. Thus 


the order size and number of orders tend to vary together. 
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In this analysis the order frequency was assumed to be constant 
for the year and the order size allowed to increase and decrease with 
the monthly variation in sales. The analysis was done for constant 
order frequencies of one through fifteen orders per month for each 
type of outlet and each warehouse. 
The following summarizes the procedure employed: 
1. Each outlet of a particular type was assigned to the warehouse 
reported by the SBA to have supplied it during the fiscal year 
ended March 31, 1968. 

2. The shipments of cases and kegs to an outlet for each month 
of the fiscal period were calculated using the measure of 
monthly seasonal variation as outlined in Table 8 and the 
actual annual shipments made to each outlet during the fiscal 
year ended March 31, 1968. 

3. The total weight shipped each month was calculated. 

4, Using the total weight shipped each month and a constant 
order frequency the average weight per shipment each month 
was calculated. 

5.The transportation rate shown in Table 9 effective November 1967 
was determined from the mileage between the retail outlet and 
the supplying warehouse, then adjusted as necessary for 
each month according to the average weight per shipment each 
month and the break point. Since deliveries to retail outlets 
in the same city as a warehouse are at a constant rate per 
hundred, intra-city shipments were accumulated separately. 

6. The shipping cost was then calculated and accumulated for each 


retail outlet type and each warehouse. 
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Proceeding in the above manner for all outlets the annual shipping 
costs were accumulated for each warehouse by type of outlet with 
the order frequency held constant at one order per month to fifteen 
orders per month. The results are outlined in the following tables. 

The variation in transportation cost as the order frequency changes 
is clearly less than the maximum possible differential of fifteen 
per cent provided for in the transportation rate structure. This 
can be explained by the fact that some outlets are in the under one 
thousand pounds per shipment category even at one order per month 
while many of the larger volume outlets continue to have all orders 
over two thousand pounds even at ten and fifteen orders per month. 

The results of varying the order frequency demonstrate that all 
warehouse locations are affected about the same as shown in Table 13. 
Differences of course are due to the higher proportion of some outlet 
types served by some warehouses than nee served by other warehouses 
as well as the differences in average volume served by outlet types in 
different areas of the province. 

The total cost of shipping to outlets outside warehouse cities 
can be accounted for from an examination of Table 14. At the minimum 
cost shown, beverage rooms account for 88.0 per cent of the total cost, 
liquor vendors 7.3 per cent, beer parlors 3.2 per cent, special vendors - 
0.8 per cent, clubs not serving draught 0.4 per cent, clubs serving 
draught 0.3 per cent, cocktail rooms 0.1 per cent and dining rooms 


GO. per cent. 


The result of varying the order frequency affects dining rooms 
and cocktail rooms the least. In fact the effect is negligible when 


it is considered that dining rooms and cocktail rooms account for only 
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about O.l per cent of the total cost shown in Table 14. 
Clubs, with and without draught facilities appear to be quite 
sensitive to changes in the order frequency. At one order per month 


the cost is only eighty-seven per cent of the cost of fifteen orders 


per month. 

Similarly to clubs, special vendors appear to be quite sensitive to 

change in the order frequency. However clubs and special vendors 

represent only 1.4 per cent of the total cost shown in Table 14 and 
the difference between one order and fifteen orders per month is only 
0.2 per cent of the total minimum cost shown. 

Beverage rooms, beer parlors and liquor vendors represent 98.5 
per cent of the minimum total transportation cost. Although they are 
not quite as sensitive to changes in the order frequency as clubs 
or special vendors the effect on total cost is certainly greater. 
The difference between one order and fifteen orders per month is 7.4 
per cent of the total minimum cost shown. 

Discussion with officials of the Saskatchewan Brewers' Association 
suggested the probable range of order frequency for beverage rooms 
and beer parlors to be between once per week to about three orders 
nee week.) fit is recognized that there are some, exceptions to this due 
to the factors previously presented that affect order size and as 
well the practise of some hotels to place the arddne bomupuhnerbeverarce 
room, dining room and cocktail room at the same time. Since the orders 
are made up together and are shipped to one consignee the applicable 
rate is determined from the combined weight. 

The probable order frequency for liquor vendors was suggested 


to be about once to twice per week. In the case of clubs,those serving 
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draught are usually in operation throughout the year, ordering about 

once per week. Clubs serving only bottled beer are often in operation 

only seasonally (i.e. golf clubs, curling clubs) and order about once 

per week while in operation (the analysis assumed continuous operation). 
On the basis of the discussions with the SBA officials and the 


results of the order frequency analysis the following order frequencies 


were developed for use in subsequent analysis. 


SR Sn oe a Ea NE NE at I ae 


Type of Outlet 


L re ae ee A re Oe ok OO ee 
|Beverage rooms 8 
; Beer parlors 8 
|Dining rooms IL 
Cocktail rooms 1 
(Clubs Gwith draught facilities) 4 
hone (without draught facilities) i 
, Liquor vendors 6 
| Special vendors 4 
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The estimated transportation cost for the fiscal year ended 
March 31, 1968 based on these order frequencies is presented in 
Table 18. The actual transportation costs incurred for shipments 
from the warehouses to the retail outlets could not be provided 
by the SBA for comparison. Thus, evidence to support the procedure 
employed cannot be presented. Some caution must therefore be exercised 
in any interpretation of these estimates. cance the transportation 
rate structure used is that presented in Table 9 effective November 
L967 nthe actual rate structure im effect (during the fiscal year prior 
to November would have been about two per cent less. When we consider 
that about sixty-four per cent of the annual shipments were made prior 


to November then an actual cost of about 1.3 per cent less than the 
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estimate in Table 18 is likely more accurate. As well, the method used 
to determine liquor vendor and special vendor annual shipments obviously 
is a source of some inaccuracy as well as lack of information on any 
special shipping arrangements such as retail outlets taking delivery 

at the warehouse or brewery. 

The method used to estimate these costs is adequate for the 
purposes of subsequent analysis in the location of warehouse facilities 
for several reasons. Perhaps most importantly, with the information 
available, little more can be done to refine the method used. Also, 
in subsequent analysis, the transportation rates can be revised upward 
and downward to reveal the degree of sensitivity of the solution to 
error in transportation cost estimates and changes in the transportation 
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Transportation Cost Estimate for Shipments from Breweries to Warehouse 
Facilities 
A method has been developed for estimating the cost for shipping 
from warehouses to retail outlets. The section of the transportation 


system remaining must now be analyzed. 


The transportation cost estimate for shipments from breweries 
to warehouse facilities accounts for approximately twenty per cent of 
the distribution system cost. While this is less than half the cost 
of shipping from warehouses to retail outlets it is an essential part 


of the total distribution system and subject to considerable change 


as the system of warehousing is changed. Therefore it is important 
to develop a method to estimate the transportation cost for shipments 


from breweries to warehouses in order to determine the effect of 
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various warehouse facility configurations. 

As previously stated, the principal factors determining the 
cost of transportation are: 

1, The class of commodity. 

2. The mode of transportation. 

3. The distance between the source and the destination. 

4. The transportation rate structure. 

5. The weight and number of shipments to be made. 

Again, as in shipments from warehouses to retail outlets, the 
commodity is in one transportation commodity class, irrespective of 
the type of container. 

The mode of transportation is assumed to be by rail. The bulk of 
the shipments are made by rail at carload rates but the low volume 
shipped from some breweries to certain warehouses does result in a 
number of less than carload rail shipments as well as some shipments 
by truck. Furthermore, unexpected increases in sales can result in 
the requirement for fast delivery of some products by truck. For 
the most part, the number of less than carload rail shipments and 
truck shipments is determined by the inventory stocking policy in 
effect at each warehouse and the unexpected variations in sales. 
Since less than carload and truck shipments are infrequent and an 
accurate estimate could only be made after extensive analysis of the 
inventory stocking policy and sales variations it is assumed that all 
shipments are made by rail in carload quantities. 

The rate structure presented in Table 19 accounts for the distance 


between each brewery and each warehouse location. 


The railway rate structure is determined by negotiation for the 
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TABLE 21 


COMPARISON OF RAILWAY CARLOAD SHIPPING RATES AND TRUCK SHIPPING 


Fe 


iWarehouse 


tee iaey 


Swift 
‘Current 


Weyburn 


iYorkton 


‘Regina 


‘Prince 
Albert 


North 


leakiets. <t 


a 


Moose Jaw 


Saskatoon 


RATES FOR SHIPMENTS FROM BREWERIES TO WAREHOUSES IN THE 


PROVINCE OF SASKATCHEWAN JANUARY, 1967 


(RATES IN CENTS PER HUNDRED POUNDS) 


From Regina From Prince Alber 


From Saskatoon | 


| 
| 
| 


Carload® iheme@ik” | Carload® ‘imheuwelke @analload Truck 
Rate Rotem sabace Rate | Rate Rate 
cy 42 26 
26 86 i! | 
PAL 58 Si | 
28 80 33 
28 
aL 
H 
| 23 
| 23 


The carload rate is based on a shipment of thirty thousand pounds or 
more, but less than forty thousand pounds. 


b 


The truck rate is based on a shipment of two thousand pounds or more. 


39 #baung bngsterrl 7 


i 7 
“ ,* 
: 7 
‘ 
‘ 
-_e 
ie = 
B90! 4 
Ree : 
rap ys 
see 
| i 
* 
| al! 
tsi 
} 
j PO 
| 
i“ 
| | 
. On 
= Ee Sa at... 
, 
‘oe 7 
, 
- a = 


: . 
mas i soiesry.) ile 7 
a> Bid ; 19 IHE ice : 6 dig pete is = s3aT 
. - 
a 


Bhs rhe See eA vet 
uy Hy eralousth 


ad saa” AMD ae 
(2eub' ca ay aie 


= == — =a = a oe: = yer 2 
bey fore tS ire HOTA eRe nord atten! 
an ‘. cay i Oo len ryt! Ay f M pa we ' 
mal i 5 é uAd ats Ate” | Biyey py = bars 
a Hv SI EN ~ a wp sor aig ee . } 
. en oy — eg ara 
xi . | os | sf | SF 
i . eo | 
J ‘ ; 
: . ! ci 
ch . Ge 0 | ce hy | 
i ‘ ry t i 
3 §) 
7 | Peeve i 
4 & 4 | 5 1 coed 
| a Re Goal hu Nae 
‘ Cc. ; i} Vr 
| on 
iu Vd es hiae : : 
j : i 
| 
af Cyr . | 
> >»; r 
| : ’ 7 a si 
4 ai: lg ; 


Vigld te Beier tale & ety boend ez) Par, a 
i BMY sbnidiuse ds ¥i3 O Jang enol 


vo 
> Saee 
‘ 7 


8 = 


movement of beer from breweries to warehouses. The rates are set with 
the agreement that ninety per cent of all shipments made to the 
warehouses will move by rail. Each rate is based on a certain weight 
pemicarload asiiset out din Tables 19 land 20) In practise only ‘the 
weight of full goods is included in calculating the shipping weight; 
tarps, pallets empty cartons and soon’ are not’ inculded, 

For purposes of comparison Table 21 presents the maximum carload 
rate per hundred pounds for shipments of thirty thousand pounds or 
over but less than forty thousand pounds and the rate per hundred 
pounds for shipments by truck of over two thousand pounds. The 
carload railway rate is only about one third as much as the less than 
carload or truck rate. When the magnitude of the shipping cost is 
considered in relation to the other distribution system costs it is 
dvericult Be visualize where savings would be incurred to justify the 
increased cost of shipping in less than carload-lots. 

The weight of each shipment depends upon the manner in which 
pallets are made up, the number of pallets that can be accommodated 
invagraliwaytear and of course the volume to be shipped: ~As well, 
the number of pallets of bottled beer and draught beer comprising the 
load intluences the total carload weight.” Currently bottled béer is 
stacked on pallets measuring eMbergseiene inches by forty-eight inches 
empty and thirty-nine inches by fifty-one inches loaded. The bottled 
beer is stacked eight cases high and consists of one hundred and sixty 
dozen per pallet, usually of a uniform package size and brand. Bottled 
beer weighs sixteen pounds per dozen. 


Draught beer in twelve and one half gallon kegs is loaded six kegs 
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to a pallet (of the same size as above), each full keg weighing one 
hundred and forty-nine pounds. 
The railway cars measure forty feet six inches in length, eight 
feet nine inches in width and nine feet eight inches in height. Thus, 
a maximum of twenty-four pallets can be placed on the floor of the 
car. Draught beer can be stacked two pallets high,however pallets of 
bottled beer cannot be stacked two high unless the pallets are restricted 
to a seven case height (one hundred and forty cases per pallet). 
Since every warehouse and brewery is not equipped with pallet 
handling equipment the stacking of pallets two high has not been 
exEoucivie. 
The procedure employed to estimate the cost of transportation 
from breweries to warehouses can be summarized as follows: 
1. Each outlet was assigned to the warehouse reported by the SBA 
to have supplied it during the fiscal year ended March 1968. 

2. The shipments of cases and kegs to outlets were accumulated 
for each warehouse according to the warehouse supplying the 
outlet’. 

3. The time and volume of shipments made to each warehouse was 

assumed to correspond to the time and volume of shipments 

made from each warehouse to retail outlets. Thus, using the 
measure of seasonal variation outlined earlier in Table 8 

and the quantity of cases and kegs accumulated above the 
shipments to each warehouse by month were calculated. In 
practise the seasonal variation in shipments to the warehouses 
from the breweries would lead the seasonal variation in retail 


sales. 
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4. The SBA was able to supply information on each brewery's 
percentage of the total shipments from shai warehouse to 
retail outlets by month for cases and kegs. Using this 
market share information for each brewery during the 1967- 

1968 fiscal year by month for each warehouse, the shipments 
of cases and kegs from each brewery to each warehouse were 
calculated for each month. 

5. The carload maximum was assumed to be twenty-four pallets, 
Sener ie of either eighty cases of two dozen each per pallet 
or six kegs of twelve and one half gallons per pallet. 
Furthermore, it was assumed that a carload could be comprised 
of any combination of pallets of cases and kegs. 

6. Using the estimated volume shipped (4 above) and carloading 
assumption (5 above) the number of carload shipments were 
calculated for each brewery to each warehouse by month. 

7. Calculating the total weight shipped to a warehouse from a 
brewery from the volume shipped (4 above) and dividing by the 
number of carloads (6 above) the average weight per carload 
was determined by month. 

8. Using the freight rates applicable to tue wlIGW-196cetiscal year 
for shipments from breweries to warehouses and determining 
the carload weight category from the average weight per carload 
shipment (7 above) the cost of shipping from each brewery to 
each ee ecde was calculated by month. 

Therresulting annual jcosts are presented fin Table 22. jSince there 

were a large number of orders from retail outlets filled at the 


breweries a substantial volume of the shipments did not incur the 
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transportation cost of being shipped to the local warehouse. In Prince 
Albert, for example, many of the orders placed by retail outlets that 
are supplied from the Prince Albert warehouse were actually made up at 
the Sicks Bohemian Brewery for the portion of the order of beer from 
that brewery. Therefore, these direct shipments did not incur the 

cost of transportation to the brewery. 

The actual cost of transportation for these shipments are presented 
ime lable 22 >for comparison.’ When the estimated cost of shipping from 
the brewery to the warehouse located in the same city are deducted 
from the totals the estimated and the actual costs compare quite 
closely. 

With the exception of shipments from Carling's Brewery in Regina 
the estimate is less than actual, which is as expected since in practise 
some shipments are made in less than carload lots and some shipments 
are made to the warehouse located in the same city as the brewery. 

The cost of shipping from the O'Keefe brewery in Saskatoon is 
estimated as substantially less than actual, however since the quantity 
shipped from that brewery to warehouses such as those located in 
Moose Jaw, Swift Current and Weyburn is such that carload shipments 
would tend to be too infrequent for the twenty-one day turnover 
requirement for draught beer, the actual shipments include a larger 
number of less than carload shipments. The same is no doubt true 
for shipments made from the Carling's brewery in Regina to North Battleford, 


however in total the estimate for Carling's exceeds the actual cost. 


/ Actual costs as compiled by the individual breweries. 
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Since the analysis used an estimate of shipments out of warehouse 
storage for the estimate of shipments into storage, there is clearly 
a difference in time between when the estimate assumes the cost 
was incurred and when it was actually incurred. As well, the time 
and method of recording the actual costs does not make the two entirely 
comparable. Actual costs no doubt account for adjustments due to 
breakage and so on, which although minimal (less than half of one 
per cent of the total bottled beer shipped) are not accounted for in 
the estimate. _The shipments made from breweries to warehouses located 
in the same city are not known but is is known that such shipments 
were made to fill orders for smaller quantities of that particular 
brewery's products. It is most likely then that the estimates are 
slightly greater than the actual cost that would be incurred if all 
shipments to outlets were made from the warehouse storage and direct 
shipments from the breweries did not occur. 

The results of the procedure employed to estimate brewery to 
warehouse transportation costs relied quite heavily on the carloading 
assumption of a maximum of twenty-four pallets per railway car. This 
assumption was changed to allow forty-eight pallets of draught or 
twenty-four pallets of bottled beer or some combination of stacked 
pallets of draught beer and unstacked pallets of bottled beer. The 
estimated brewery to warehouse transportation costs are presented 
iia dNeiayl Nee 47Ap This does give some indication of the savings that could 
be expected from equipping all facilities with pallet handling equipment 
although for. the most part, it only begs the question of further 


investigation of the method of loading railway cars and placing orders. 
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The Estimated Cost of Operating a Warehouse Facility 

The cost of operating warehouse facilities for Saskatchewan 
beer distribution accounted for approximately thirty-five per cent 
of the total distribution system cost. However, as will be explained, 
a large portion of the warehouse operating costs are unaffected by the 
number, size and location of warehouse facilities. In addition, the 
current warehouse operating costs include costs which can be allocated 
to the handling of empty kegs and returned bottles which is excluded 
from this analysis. 

The warehouse facility costs of interest in the problem of 
determining the number, size and location of facilities are those 
affected by the magnitude of the plan, that is, the costs affected 
by the number, size and location of facilities. 

Many costs of operating a warehouse facility relate directly 
to the volume and vary in proportion to the volume of goods moving 
through the facility. These costs will be incurred regardless of the 
decision with respect to number, size and location provided we assume 
that the total volume to be supplied is not affected by the location 
decision. Since the SBA warehouses and the Saskatchewan breweries 
are the only source of supply (with the exception of small quantities 
of imported brands handled by the Liquor Control Board) and a one 
price policy is in effect, it is unlikely that the demand for brewery 
products by the ultimate consumer is affected by the warehouse location 
decision. Retail outlets are numerous and their source of supply does 
not affect the ultimate consumer since retail outlets generally maintain 
an inventory policy that prevents out-of-stock situations. 


The problem is one of estimating the fixed costs of operating a 
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warehouse facility. If a warehouse facility is established, fixed 
costs that are incurred include: 

be 'neheost of investment in Wand, buildings and equipment. 

2. Fixed maintenance costs. 

3. Depreciation expenses. 

4, Property taxes. 

5. Administrative and supervisory costs. 

Or tilieymcasts.. 

7. Insurance expense. 

Tes recoenized that costs which appear to vary directly in 
proportion to the volume handled do so only within a certain range 
of volume. No doubt as the size of facility is increased from a very 
small size, economies of scale occur that reduce the per item variable 
costs. As well, beyond some optimum size diseconomies of scale would 
be expected that will result in an increasing per item variable cost. 

Labour handling costs are typical of the type of cost that varies 
in proportion to the volume handled. However, manpower is not divisible 
into units of less than one man and some minimum number of men are 
necessary even when the volume handled requires less than one man. 
This is the case when due allowance is made for holidays, sickness 
and peak periods that occur when only one man would cause excessive 
delays. In the facility employing only two men, the addition of one 
more man would increase the total labour cost by fifty per cent, while 
if one mandved men were employed the addition of one man would increase 
Eneetotal labour cost by only one per cent. ~ Thus the indivisibility 


of manpower is less of 2 plop Lemetons the largsen faci laity. 


When a facility becomes larger however, the distance in the 
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facility that goods must move increases. Thus at some point the economies 
of increasing size are offset by the increasing time required to move 
goods through the warehouse. 

The problem of optimum size of facility is really a sub-problem 
of location of facilities problem. Since an examination of this 
problem would require extensive time studies and a review of warehouse 
operating costs, productivity and facility design, it is beyond the 
scope of this-analysis to suggest the optimum facility size. 

Thus with some reluctance, the assumption is made that variable 
costs can be identified and said to vary directly in proportion to 
volume for the range of facility sizes that could be required. 

Some of the costs like administrative and supervisory costs are 
fixed over a wide range of warehouse facility sizes while others 
relate directly to the size or capacity of the facility established. 
Therefore before the fixed costs can be estimated, a method must be 
developed to determine the size of facility required. The present 
operation will first be examined to identify and describe the minimum 
Space requirement and the current inventory stocking policy which 
determines the relationship between the level of sales and storage 
Space required. Developing unit cost estimates for building construction 
and land the investment and cost of the investment can be determined. 
Following this the remaining fixed costs can be defined. 

In order to determine the investment required for land, building 
and equipment the capacity required must be determined. According to 
Heskett and others: 

The determination of necessary warehouse capacity 


requires at least two steps. The first, a determination 
of the supply or market area to be served by the warehouse... 
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The second is concerned with the capacity needed in 

a specific Skea to accomodate a given supply or 

market territory. 

In this instance the market to be supplied is determined by 
the assignment of retail outlets to warehouse facilities. As stated 
previously, outlets are Bee tened to the closest warehouse since in 
this way the customer is afforded the minimum lead time the distribution 
system can provide from the receipt of an order to the delivery of 
thevorder. Clearly, retail outlets will order from the closest facility 
even if this were to result in an increase in total transportation 
cost for distribution from the brewery to the retail outlet. The 
second step requires that the relationship between capacity requirements 
and the level of activity of each operation be appraised. 

The capacity required for each warehouse activity (i.e. receiving, 
stocking, shipping) is determined by the peak demand for receipt, storage 
and shipping of goods placed on the facility and the level of customer 
service that must be maintained during the peak period. Thus the storage 
Space required for inventory must be sufficient to provide for the 
peak periods of activity that can occur under a given service policy. 

The inventory held during the other periods is irrelevant to 
the decision on space requirements, particularly when the peak 
requirement for each activity coincides or overlaps with others. The 
Same reasoning is no less true for truck and rail dock facilities and 
materials handling equipment 

For the purposes of this analysis the measure of capacity will 
be in terms of the total space required to meet a particular level of 
demand. 


Warehouse space can be classified according to the activity it 
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performs as follows: 
1, Office space including washrooms, lunch room, furnace and 
power panel room. 


2. Receiving dock space both inside and outside the building 


enclosure, 

3. Shipping dock space both inside and outside the building 

enclosure. 

4, Order picking area and order make up area. 

Deo lLOtacerarea,, 

The office space in the Regina warehouse, one of the newest 
facilities, is about 1,650 square feet. An area of approximately 400 
Square feet is used to receive empty bottle returns, which when excluded 
from the office area leaves a requirement of 1,250 square feet to 
provide office space to operate the warehouse for the distribution 
SEetulLiggoods, 

The new warehouses in Regina and Saskatoon enclose the shipping 
and receiving docks within the building. Dock areas outside the 
building are used primarily for empty container returns and are therefore 
excluded from the requirement in this analysis. 

It is assumed that a receiving dock of at least two rail car 
capacity is required at a warehouse facility. Since this capacity is 
sufficient at the Regina warehouse to handle the current volume of 
full goods in addition to some outgoing empty containers it is assumed 


that this capacity will be sufficient at all warehouse facilities. 
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A depth of twenty feet is reported by Heskett and others to 
be common for warehouse asia,” A length of approximately seventy 
feet accommodates two rail cars at the Regina warehouse, thus about 
1,400 square feet is required for receiving dock space. | 

Truck dock space is also subject to change depending upon the 
volume moving through the warehouse. In Regina six enclosed truck 
docks are provided to handle outgoing and some incoming shipments. 
Pius ite ts assumedethat six truck docks) are sufficient to handle the 
volume at all warehouse facilities. The Regina truck docks use about 
the same space as the rail docks, 1,400 square feet. The standard 
is usually a twelve foot width and twenty foot depth for each truck 
dock. 

ihe Space requirements outside the building include the provision 
for seventy eight feet of frontage and sufficient space to accommodate 
vellelosstor loadingeand Unloadingsat the side of the building. A 
rail car requires about twelve feet of space between the building and 
the property laine, therefore the twenty-five foot allowance at the 
Regina warehouse provides for deh spur lines and the possibility of 
through-car unloading. Highway vehicles usually require an area of 
twice the vehicle length for rear-end acing.) therefore to accommodate 
fifty foot vehicles a space one hundred feet in depth is required. 
Since the truck docks are spaced evenly on the seventy foot side of 


the building, an area of seven thousand square feet is required. 
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In order to determine dock requirements and outside space 
necessary to accommodate vehicles for loading and unloading, it is 
necessary to know not only the volume handled but also the fluctuations 
in inbound and outbound traffic, the degree to which traffic can 
be scheduled and some measure of the number and length of delays that 
cam be tolerated. Since this information is not readily available, 
these space requirements have been assumed to be fixed. Although this 
might appear to substantially reduce the validity of the results, 
using a range of costs per square foot and investigating the sensitivity 
of the solutions to changes in cost per square foot compensates for 
some of the imprecision of a fixed space requirement assumption. 

Order picking is done on an out-and-back selection basis. 
Therefore one area cannot be designated as the order picking or order 
make up area. Rather, the storage area is used for this purpose with 
the final order preparation being completed on the shipping dock. 

Since at least one pallet of each brand and package size must be placed 
Onethne tloor without other pallets stacked on.top of it) to: facilitate 
order selection, the space required for these pallets can properly 

be: called order selection space. Table 23 lists the brands and 

package sizes available by brewery. In addition to these provincially 
produced beers, there are three out-of-province brands stored in SBA 
warehouses, each available only in the one dozen bottle package size. 

On the basis of one pallet for each brand and package size, the 
order selection area must be large enough to accommodate forty pallets 
of bottled beer. 

The warehouse space required for inventory storage varies with 


sales but not in direct proportion to sales. Tabulating weekly sales 
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TABLE 23 


BRANDS AND PACKAGE SIZES OF BOTTLED BEER INVENTORY® IN 
SASKATCHEWAN BREWERS' ASSOCIATION LIMITED 
DISTRIBUTION WAREHOUSES 
DEPTEMBER 9, 1968 


PACKAGE SIZE 
Two One zs | 
iBrewery Brand | Dzn. Dzn; Dzn.| 


| 
iCarling's Black Label Lager Beer X X 
Calgary Export Lager Beer X X X 
Red Cap Ale X 
i 


Pilsner Beer 
Velvet Cream Stout 


Molson's Export Ale 
Canadian Lager Beer 
Pilsner Beer 


Royal Stout 
Ale 
Old Vienna Lager Beer 


Double Stout 


Bohemian Lager Beer 


Imperial Stout 


a 


i 
H 
| 
Labatt's "50" Ale 
} 
{ 
\ 
| 
| 


For beer produced by breweries located in Saskatchewan according to 
Brewers Association of Canada Sales Bulletins. 
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and inventory levels for each brewery's bottled beer and draught 
beer in each warehouse for the peak sales period June 14, 1969 to 
August 16, 1969, the relationship between sales and the level of inventory 
is described for the current operating practise. It is recognized 
that the distance between the supplying brewery and a warehouse paged ley, 
will influence the level of inventory maintained for that brewery's 
products. However the order cycle is nearly the same (one day), 
in all instances except for shipments from breweries located in 
the same city as a warehouse facility. The results of tabulating 
bottled beer inventory are presented in Table 24, the results for 
draught beer in Table 25. The relationship between the level of 
sales and inventory for brewery products supplied from a brewery in 
the same city as a warehouse was evaluated separately. 

From Table 24 the average inventory of bottled beer at various 
sales levels was calculated and expressed as a number of days sales. 
On the basis of this information, the assumed relationship was derived 
as shown in Table 26. In a similar manner, Table 27 was determined 
for the average inventory of draught beer at various sales levels 
and expressed as a number of days sales. 

Reviewing the actual inventory of bottled beer maintained at 
sales levels above 6,000 two dozen cases per week it appears that the 
inventory increases at a more rapid rate than sales. This is not 
as would be expected from the use of inventory control theory and tends 


to indicate an over compensation for the large volume fluctuations 
that can occur in sales at these levels, perhaps due to the more limited 
experience at these levels. In view of this, inventory is assumed to 


vary proportionately to sales above 4,500 two dozen cases per week. 
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AVERAGE BOTTLED BEER INVENTORY IN WAREHOUSE 


[WEEKLY SALES 


O- 
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Minimum of 360 cases assumed. 
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TABLE 26 


STORAGE MEASURED IN NUMBER OF DAYS SALES 
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TABLE 27 


AVERAGE DRAUGHT BEER INVENTORY IN WAREHOUSE 
STORAGE MEASURED IN NUMBER OF DAYS SALES 


ACTUAL FOR EIGHT | ASSUMED 
WEEK PERIOD RELATIONSHIP 


WEEKLY SALES 


Ol - 125 | 4.5 4.5 
126 0 4.4 4.2 
Bai eu 4.4 ‘Aca 
7s - 200 | Dee 3.0 
201 - 225 | 2.8 2.8 | 
226 ~ 250 2.5 Del 
lo51 - 275 17 ieee Ot: 
P1 - 300 2.6 2.5 


Minimum of 12 half kegs assumed. 
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These assumptions will tend to indicate a requirement for more storage 
space in large volume facilities than perhaps necessary. However, 
as mentioned previously, varying the cost per square foot will provide 
some indication of the sensitivity of the solution to measures of 
Space requirement. 

The minimum inventory for any brewery's bottled beer (in warehouses 
located in cities different from the brewery location) was observed 
to be about ten pallets of eighty, two dozen cases for all brands 
and package sizes. This also appears to be sufficient stock to support 
sales up to about the same weekly level, that is eight hundred, two 
dozen cases. 

It should be noted that the discussion of inventory to this 
point has included inventory that can properly be designated as inventory 
in the order picking areas. Since this amounts to about eight pallets 
for each brewery, the minimum mentioned above would require storage 
space for only two additional pallets per brewery. 

Draught beer is stored in a refrigerated cooler where it can be 
stacked to a height of six pallets when required. In this instance, 
a minimum floor space of two pallets of six half kegs was considered 
to be sufficient space. This provides storage for up to twelve pallets 
if one pallet is not left unstacked for order selection. 

The inventory policy with respect to bottled beer and draught 
beer for breweries located in the same city as a warehouse was determined 
from a review of the inventories held during the eight week period 
Janel 1969 to Aucust 16, 1969 Bottled beer inventory varied 
from 117 to 1714 two dozen cases and draught beer varied from none to 


as many as 60 half kegs for any one brewery. Using an approximation of 
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Roepe ce cent eor tie average daily sales each week, it was found that 
the inventory for both bottled and draught beer could be estimated 
reasonably well. Particularly when it is realized that the inventory 
requirement for brewery products that are shipped to a warehouse from 
OMerectlteseismateeast 2,2 times the average daily sales this 
approximation is not felt to require further refinement. As a minimum, 
one pallet of bottled beer is assumed to be required while the 
requirement for draught is negligible as a minimum. 

In order to relate inventory requirements at each level of sales 
to the warehouse space that will be necessary, some measure of Space 
utilization must be expressed. 

In Regina the warehouse pallet placement is on the square (rather 
than angular) with pallet stacking of bottled beer permitted up to a 
Neight of three pallets-or approximately fifteen feet. The pallets 
are of a standard size, measuring forty-eight inches in width and 
thirty-eight inches in depth. For placement in the warehouse an 
allowance is made of an extra two inches in width and one inch in 
depth to provide for overhang of the bottled beer. Twelve foot isles 
are provided to accommodate two-way traffic and the use of fork lift 
equipment, walkie-type pallet trucks and carts. Allowing for three 
isles and stacking against outside walls, ten pallets can be accommodated 
across the floor of a warehouse approximately seventy feet wide. 

With the pallets facing the isle-ways placed singly and the others 
Suscheamtpedp Neate Ou tares pallets, a total of eighteen pallets, can 
be accommodated across the building in an area fifty-one inches wide. 


This indicates a possible space utilization factor of 0.21 square feet 
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of floor space per two dozen case. 

In the Regina warehouse, the full goods capacity for bottled 
Beer is reported to be about 22,160 two dozen cases. A floor plan 
indicates that an area 75 feet long is used, and the depth is allowed 
to vary as the storage space requirement changes. On the basis of a 
Capacity Ote22, 160 cases the factor of 0.21 square feet per case 
emcee] bese tiatethies/ soot lone area would have towhave a width of 
about 62 feet. The warehouse measures 70 feet wide which appears 
reasonable when consideration is given to the fact that empty bottles 
and empty age use much of the remaining space. 

The refrigerated walk-in cooler for the storage of draught beer 
in the Regina warehouse contains 675 square feet of storage area. 
In addition an area for the movements of goods into, and out of, the 
cooler is at a4 minimum 12 feet long and 25 feet wide,. the width of the 
Coole ee meweapaeily Oteliisy cooler 1s sreported tO ber /o0™ halt) kegs, 
iMeecalineea space Uttitzatton factor Of U2 69 square feet pen half kez” 

In summary, using the method outlined for determining warehouse 
Space requirements, the Regina warehouse would require the following 


land and building size to have a capacity of 22, 160 two dozen cases and 


780 half kegs. 


Building: 
Office area 1,250 square feet 
Receiving dock 1,400 
Shipping dock 1,400 
Bottled beer storage (22, 160 x 0.21) 4654 
Draught beer storage (780 x 0.89) 674 


TOTAL BULLDING SLZE On SG Square rect 
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Land: 


Length of the storage area (4654 e251 70 freiwidth) -66.ceLect 


Henethsor truck stalls 100.0 

Width of rail spur SAW) 

Shipping dock width 20.0 

Receiving dock width 20m 

TOTAL LENGTH 231.5 feet 
Width of the building 70.0 feet 
Frontage between the building and the property line 78.0 
Allowance at the rear of the building 10.0 

TOTAL WIDTH 158¢0 feet 
Land area required (231.5 x 158.0) 35,577 square feet 


It should be noted that the office space and cooler are assumed 


to project from the building where a 78 foot frontage has been provided. 
The above estimates compare to the actual size of the Regina 


warehouse and land requirement as follows: 


Actual Square Feet Estimated Square Feet 
Building ORY S10) OF 218 
Land Uy BARS plore N/T 


The actual square footage is an estimate from building plans and the 
area that appears to be utilized. The site contains 123,000 square 
feet soteproperty, most of which is not.utilized. 

The differences can be largely attributed to the additional space 
required to handle empty container returns, particularly the outside 
space which includes dock areas not enclosed in the building. The 
enclosed space is interchangeable, in that empty bottle and keg 
returns can occupy the area not required for storage of full goods 
during the year. 

The cost of equipment and building construction in 1965 was 
approximately $20.00 per square foot for the new facilities established 


at Regina and Saskatoon. Costs of construction have been increasing 
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rapidly over the last three to four years. Allowing an upper limit 
of a forty per cent increase in the cost of establishing new facilities 
would not appear unreasonable, however the facilities in both Regina 
and Saskatoon are constructed of concrete and cement blocks which 
are among the more expensive construction alternatives. The SBA has 
indicated that future construction will likely be one of the less 
expensive alternatives and should not septa cost incurred in 
1965 in spite of the increased construction costs. On this basis 
then the costs will be investigated in:the range of from $15.00 to 
525,00°per! square foot. 
The value of the property at the Regina warehouse site was 
estimated by the SBA at $28,500. The value then for the 123,000 
Square feet of land is about $0.23 per square foot. This land is 
leased, but the cost of leasing the property does not reflect a value 
of more than $10,000 unless consideration is given to the fact that 
only a portion-of the total area is required for the current facilities. 
The property in Prince Albert and Yorkton is also leased. If 
the lease is expected to return the owner approximately ten per cent 
of the property value each year then the value per square foot in each 
of these cities can be determined. These values of approximately 
SUmbomaiduo0,u3ener square foot for property in Prince Albert and 
Yorkton respectively, confirm anticipated values. 
Examining the values obtained for Regina, Prince Albert and 
Yorkton, and relating these to the population of each of the respective 
cities indicates a near linear relationship between the value per square 


foot and population. This relationship is not unexpected, although a linear 
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relationship may not be Strictly tinue ; 

does provide some guidance in selecting 
each of the remaining five cities under 
In Saskatoon, although the 


current 


Regina, the property values are assumed 


is felt to be characteristic of 

population projections indicate. 
Ongithe basisler the above, 

in each 


established for the land values 


consideration as warehouse locations. 


TABLE 28 


Using this relationship however 
values for the property in 
consideration. 

population is less than in 


to. be slightly higher. This 


a rapidly developing area, which 


the following approximations were 


of they eiehts cities: under 


Land Values in Eight Saskatchewan Cities 


Moose Jaw 

Swift Current 
besoin 

i Yorkton 

eoian 

Saskatoon 
Princes Albert 
mouey Battleford 


Land value 
per square foot 
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Now that a procedure has been outlined for determining warehouse 


capacity requirements in terms of building and land size and the costs 


per square foot of each have been established, the nature of the fixed 


Costs Listed earlier can be discussed. 


The fixed cost of the investment in buildings and equipment is 


considered to be seven per cent per annum on the advice of the SBA, 


Land is not owned in some cases, but leased from another party. 
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these cases it was previously assumed that the annual lease expense 
is about ten per cent of the property value excluding taxes and 
maintenance. This assumption will continue to be made for all 
PEOpPeB EVE 
The investment for equipment in a warehouse facility is about 13.5 
per cent of*the cost of constructing the building, based on the 
experience in Regina and Saskatoon. In addition to the cost of the 
investment in equipment, equipment is subject to a 20 per cent 
depreciation allowance (based on the undepreciated value) and also 
an expense of 10 per cent of the original value for maintenance and 
repairs each year. Thus the additional annual equipment expense amounts 
to approximately 4 per cent of the investment in a building. 
The depreciation expense on buildings is calculated as five 
per cent of the undepreciated value. The expenses incurred for building 
Maintenance and repairs in the fiscal year 1967-1968 indicates that 
an allowance of at least 1.5 per cent of the original investment should 
be made. 
Property taxes were estimated using the values and rates as follows: 
IS) The Wand value was considered to be the value set out earlier 
of between) $0.1 30and S0e25 per? square’ foot. 
2. The property tax on land was estimated as five per cent of 
the land value. 
3. The property tax on buildings was estimated as two per cent 
of the real value of the building. 
The following table shows the estimated land values at each of the 
current warehouse sites based on the actual square footage and the 


values determined earlier. Using the actual property tax paid in the 
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TABLE 29 


ESTIMATED LAND AND WAREHOUSE FACILITY 
VALUES AS AT MARCH 31, 1968 


a a a ge 


| Shaweaaey | Estimated” ne 
ee | Land z | Tax On Building 
(Git 2 i NSD | Land | Value ildi 
Moose Jaw | | SP 2 eoveks) | ee ee) | $143,250 | 
ee Current | pe leee 95 | 64), 300 
Weyburn 1,456 1s) | deters OS) 
| | | 
leah | ds | 89 47,200 
‘Regina 28,290 | TS | 174,700 | 
‘Saskatoon Ao o2 | 720 287,000 : 5,740 | 
ie Albert 6), 142 | 307 165,900 | She HES | 
bc Battleford | Sh a8) | ns el! gO) | Laie) 


* Land value approximated on cost per square foot. 

p Property tax on land estimated at 5 percent of the value. 

: Bul idine value estimated as 1/:02 of the actual property tax atter 
deducting the estimated tax for land. 

d 


Actual property tax after deducting the estimated,tax for land. 
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1967-1968 fiscal year and deducting the estimated tax for land the 
real value of each warehouse facility was estimated. 

The average expense for administrative salaries and benefits at 
each warehouse facility was $15,000 per annum for the 1967-1968 fiscal 
yearwwe his gvaerted)trom.914 2582 1to.16,,090, "a variation! of.-2.8 per 
cent and 4 7.3 per cent respectively. The SBA allocates about 31 
per cent of the administrative salary expense to the return of empty 
containers. However, since there are normally only two personnel 
employed in an administrative position in each warehouse, the manager 
and an assistant, it does not appear reasonable to expect administrative 
salaries to be substantially less if the empty container return system 
is excluded from the system for the distribution of full goods. 
Therefore a fixed cost of $15,000 per year is considered to be the 
expense incurred for administrative personnel at each facility, a cost 
that would not be incurred if the facility were not established. 

The fuel expense in Regina and Saskatoon averaged $1,273 during 
the 1967-1968 fiscal year. This represents an expense of about $0.13 
per square foot in a new warehouse facility. In addition, the cost 
of supplying water and electrical power averaged $2,393, an expense of 
$0.24 per square foot. 

The expense for insurance in Regina and Saskatoon averaged $700 for 
the 1967-1968 fiscal year, which represents an expense of about $0.07 
per square foot of warehouse space. 

In summary, the fixed costs of operating a warehouse facility can 
be determined in the following manner. 

The Requirement for Building and Land -- First the size of the building 
and the land required must be determined. A total of 4,050 square feet 


is required for the office area, railway car docks for two railway cars 
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and truck docks to accommodate six trucks. The storage space required 
for full goods (bottles and kegs) is calculated using space utilization 
factors of 0.21 square feet per two dozen case of bottled beer and 

0.89 square feet per half keg of draught beer. 

The actual requirement for inventory of cases and kegs can be 
determined from the projected sales to be shipped from the warehouse 
facility and the peak sales that will occur during the year projected. 
In the discussion of demand, Table 8 shows 11.60 per cent of the total 
sales occur in July. The peak level of sales can then be related to 
the inventory requirement as developed and presented in Tables 26 and 
27, the relationship between sales and inventory required. 

The building size in square feet is known after performing the 
above calculations. Assuming a seventy foot building width then the 
length of the building is readily determined. The requirement for 
land follows from this. The length of the land area includes the 
length of the building, one hundred feet for truck stalls, twenty-five 
feet for the railway spurs, twenty feet for the shipping dock and twenty 
féet for the receiving dock. The width of the land area is fixed at 
one hundred and fifty-eight feet; a building width of seventy feet, 
frontage between the building and the property line of seventy-eight 
feet and an allowance at the rear of the building of ten feet. 

The Cost of Investment in Land, Building and Equipment -- Once 
the size of the building and the land required is known the investment 
in paeAp bias Can be determined. Ihe building construction cost is 
between $15.00 and $25.00 per square foot and the investment in land 
depends upon the land values at the location being considered. Land 
values were shown in Table 28. 


The investment in equipment is considered to be 13.5 per cent of the 
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cost of construction. The total investment in building, land and 
equipment costs seven per cent per annum. 

Fixed Maintenance Costs -- The annual equipment maintenance expense 
is twenty per cent of the cost of the equipment. An annual allowance 
of one and one half per cent is made for maintenance and repair of the 
building. 

Depreciation Expenses -- Annual equipment depreciation is ten 
per cent of the cost of the equipment and building depreciation is 
determined as five per cent of the building cost. 

Property Taxes -- The tax on land is calculated as five per cent 
of the value and the tax on the building as two per cent of its real 
value each year. 

Administrative and Supervisory Costs -- The cost for administrative 
and supervisory personnel is eee at $15,000 per annum. 

Utility Costs -- The annual cost for fuel is $0.3 per square foot 
and water and electricity $0.24 per square foot of the building. 

Insurance Expense -- Insurance expense is calculated as $0.07. 
per square foot of the building per year. 

Using) the procedure outlined in this section the effect on the 
total cost of operating warehouse facilities can be determined as the 
number, size and location of facilities is changed. With fewer 
facilities, each facility will have to serve more retail outlets. 

This will be reflected in the size of facility required. 

Although the method presented in this section for determining 
the fixed costs of establishing a warehouse facility is intended only 
as a means for making approximate cost estimates, it serves the intended 


purpose of reflecting changes in the fixed costs of operating warehouse 
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facilities as the number, size and location changes. 

Analyzing the distribution system using a range of construction 
costs for warehouse facilities reveals the sensitivity of the system 
to warehouse operating costs. As a result of subsequent analysis no 
further reginement in the procedure outlined in this section was 


indicated. 


= ao 7 ene 
af a Ai ee 


ae »saonogs nobigve! lon-ssie 4 _— os wear 
| ah 


- r3vt a roo Lo. Stipa pS he A: Ye i} ‘ aie sf) pate ne 


7 
+. 
* 
i | 
2 
’ 
ad 4 
jl ¢ 
—— 
s 
‘ » 
* 
‘ 
. - 
. 
’ 
Ss : a 
: ; 
- = 
- 


Hid = 


CHAPTER IV 


THE DISTRIBUTION SYSTEM MODEL 


To determine the best solution to the problem of number, size 
and location of distribution warehouse facilities, each possible configuration 
can sometimes be analyzed. This requires the calculation of the cost 
associated with each alternative. The cost must be based on the 
demand the system will be required to serve in future years. 


The model of the distribution system must determine the cost 


of serving the demand and for each selected warehouse configuration, 
calculate the transportation cost from the breweries to the warehouse 
facilities and the transportation cost from the eaetiaetes (BO) GxKen 
census subdivision. Finally, the fixed cost of establishing each 
facility must be calculated based on the size required for the volume 
moving through each warehouse. 

These calculations are based on the methods outlined in the 
previous chapter for projecting sales and estimating brewery to warehouse 
transportation costs, warehouse to outlet transportation costs and the 
cost of establishing a warehouse facility. 

In a problem of locating distribution warehouse facilities such 
as the one under consideration, the combinatorial nature of the problem 
does not present the difficulty experienced with larger problems. 


With m possible facilities and when at least one facility must be 


established there are 2” - 1 DOSssipilttites, eels... .Ore tie current 
problem with eight possible facilities there are 255 solutions to be 
evaluated. In larger problems the time required to evaluate all the 


solutions becomes prohibitive even with the use of a digital computer. 
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However, a problem with 255 solutions can be evaluated eit vereniniy. 


Model Description 

In Chapter III and the discussion of demand, a method was developed 
for projecting demand in each of the twenty-four market areas in the 
province and then allocating this demand to the census subdivisions 
Comesined in cach market area. Table 5 of Chapter L1I shows the 
projected sales for the periods 1967-68, 1972-73, 1977-78, and 1982-83. 
Thus the location of facilities can be evaluated for each of these 
fiscal years. 

The seasonal variation by month shown in Table 8 of Chapter III 
is used in each evaluation to reflect the distribution of sales throughout 
the year for the province of Saskatchewan. 

Since each census subdivision is treated as a single demand 
point and the evaluation of all possible warehouse configurations 
requires the calculation of the transportation cost from each census 
subdivision to every possible warehouse location the transportation 
rate for shipments from each census subdivision to each warehouse 
must be determined. 


Although several approaches to estimating warehouse to outlet 


transportation costs are possible, in this instance a census subdivision 
was assigned to one warehouse and the total transportation cost and 
weight shipped. was estimated for the 196/-1968 fiscal year for the 
census subdivision. Given the total transportation cost and total 
weight shipped from a warehouse, an average transportation rate was 
calculated. Proceeding in this manner, successively assigning a census 


subdivision to one of the eight warehouse facilities, an average 
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transportation rate for the census subdivision was calculated for each 
warehouse. This procedure was followed for all census subdivisions. 

The truck transportation rates prescribed February 14, 1969, 
the intra-city rates used previously in Chapter III and the actual 
1967-68 fiscal year demand was used in calculating the average transportation 
rates. 

The procédure developed in Chapter III for estimating the transportation 
cost from warehouses to retail outlets was employed using the order 
fFrequencitestselected as a result of the analysis im that chapter? 

In order to use these average transportation rates to estimate 
the transportation cost from warehouse to retail outlets for the 
projected demand of future years it is assumed that the ratio of gallons 
shipped in bottles to the gallons shipped in kegs will remain unchanged 
from the 1967-68 fiscal year. As well, it is assumed that the size 
of orders, the average distance to outlets in a census subdivision and 
the prescribed transportation rates will remain the same. 

The preliminary procedure of the model consists of: 

i Projecting demand in each census subdivision for a selected 

fiscal year as outlined in Chapter III, Estimating Demand. 

2. Calculating the average transportation rate for shipments from 
warehouse to each census subdivision as discussed previously 
ities Chapcer: 

3. Selecting a per square foot construction cost for building a 
warehouse facility between fifteen and twenty-five dollars 
per square foot as developed in Chapter III, Estimating Warehouse 


Facility Costs. 
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Successively selecting a warehouse configuration for evaluation 


as outlined in the following description of the evaluation. 


The evaluation of a warehouse configuration consists of: 


1. 


Assigning each census subdivision to the distribution warehouse 
that is in the configuration being evaluated which can supply 
the census subdivision at the lowest average transportation 


rate from the warehouse to the census subdivision. 


Calculating the annual shipping cost from warehouses to census 


subdivisions from the projected gallons demanded assuming 

the same ratio of gallons shipped in bottles to gallons shipped 
in kegs as during the 1967-68 fiscal year and using the 

average transportation rate developed in the preliminary 


procedure. 


. Accumulating the annual total number of cases and kegs shipped 


from each warehouse by brewery based on the demand projected 
in each census subdivision, the ratio of gallons shipped 

in bottles to gallons shipped in kegs during the 1967-68 
fiscal year and the brewery market shares by market area 
shown in Chapter III, Table 7 for the 1967-68 fiscal year. 
Calculating the annual brewery to warehouse shipping cost 
using the procedure developed in Chapter III, Estimating 
Brewery to Warehouse Transportation Costs. In this instance, 
the measure of seasonal variation is that developed in 
Chapter III, Estimating Demand. A carload is defined as 
twenty-four pallets of either eighty two-dozen cases of 


bottled beer per pallet or six half kegs per pallet or some 
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combination of pallets of bottles and kegs. The volume 
shipped is that accumulated above. 

5. Calculating the annual fixed cost for the facilities established 
according to the configuration selected using the procedure 
developed in Chapter III, Estimating Warehouse Facility Costs. 
This is based on the volume of cases and kegs shipped from 
a facility as accumulated above and the construction cost per 
square foot selected in the preliminary procedure. An annual 
cost of capital of seven per cent is used. 

6. Determining the total annual cost associated with the selected 
configuration for the particular fiscal year under consideration 
consists of accumulating the cost of transportation from breweries 
to warehouses, warehouses to census subdivisions and the 
fixed cost for establishing the distribution facilities. 

The data required by the model was prepared on punched cards 

and copied onto magnetic computer tape for processing. The model 
itself was programmed in FORTRAN IV and run on the IBM 360/67 computer 


system. 


Distribution System Model Results 

The distribution system model was run a number of times with 
changes in the parameters each time. In this way results were obtained 
for ‘the base fiscal year of 1967-1968 as well as the projected years of 
197 2=1973 “and! 1982-1983 aising a cost of construction of $15.00 per square 
foot and $25.00 per Square foot. At this point the results obtained 
were analyzed to determine whether subsequent alterations in the 


parameters would be necessary to evaluate the distribution system and 
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produce sufficient evidence to base a conclusion on. 

The number of solutions that are less expensive to operate 
than establishing eight warehouse facilities are summarized below 
for the selected years and building construction cost of $15.00 per 
square foot and $25.00 per square foot. In addition, the number of 
solutions that are not more than ten per cent greater than the cost 


of operating all eight facilities is shown. 


TABLE 30 
The Number.of Solutions Less Expensive 


Than Establishing Eight Facilities 
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| Solutions costing less Solutions costing not more 


than eight facilities than ten per cent greater 
than eight facilities 
hau CGnstruciiion pcostgolel Mbat Construction costeot = | 
Year | $15.00 ty ee POORER SNS Gaye MOORES | 
1967-68 2 iy 74 of 
1972-73 0 2 63 KS) 


1982-83 0 0) 50 Al 
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It was expected that the increased cost of construction would 
result in more solutions less expensive than operating eight facilities, 
other factors being equal. What is not apparent is the fact that the 
number of solutions less expensive than establishing all eight 
facilities is reduced as the demand increases in successive years. It 
is also significant that a large number of solutions exist that are 
in close proximity to establishing all eight facilities. 

The greatest number of solutions that are better than establishing 
all eight facilities occurs for the base fiscal year of 1967-68 and a 


building construction cost of $25.00 per square foot. These are as follows 
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TABLE 31 
Solutions for Establishing Distribution Warehouse 
Facilities Less than the Cost of Establishing 
Eight Facilities for 1967-1968 with a Construction 
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MJ SG WY YK RG SK PA NB | Annual Cost Factor 


X X X X Xx X X X ee 716,595 
X X X Xx X X 1,694,037 
X Xx Xx X Xx Xx X 1,699,790 
X X X Xx X 1,700,659 
Xx Xx X X X X 1,706,406 
Xx X X x X Xx 1,707,255 
X X X X X Xx ik Mame? A582 
X x X X x 1,713,609 
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It must be noted, as stated previously, that the solution costs 
shown are not total estimated annual operating costs. Costs which are 
not affected by the configuration selected are not included since they 
will be incurred regardless of the alternative chosen. For example, 
the labour cost incurred handling material in the warehouses is assumed 
to be in this category. Thus, although labour cost is a large and 
important cost to be considered in the total annual operating cost, it 
is excluded from the cost figure shown for any solution. 

lntauier previous table) itias foted ithatvonly four facilities’ are 
candidates for elimination, Moose Jaw, Swift Current, Weyburn and 
North Battleford: It is’ also of interest that the eight configurations 
shown above are the best solutions regardless of the year, although 
the order of solutions in terms of cost within the group of seven 


solutions is different in different fiscal years. 
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In analyzing the solutions obtained the important point is the 
cost difference between establishing all eight facilities and the 
other solutions. The difference is important for at least two reasons: 
(1) the current distribution system utilizes facilities at all eight 
locations and (2) the least cost solution in every case is all eight 
facilities or a cost very near the cost for establishing all eight 
facilities. 

In other words, a decision with respect to eliminating distribution 
warehouse facilities will be made with reference to the cost of 
operating all eight facilities. The differences are summarized in 
the following table. 

The above results also indicate that if one warehouse is to be 
eliminated it is the Weyburn warehouse, for the elimination of two 
warehouses, Moose Jaw and Weyburn, while for three warehouses they 
are Weyburn, Moose Jaw and North Battleford. This is true regardless 
of the cost of construction in the range from $15.00 to $25.00 per 
square foot. 

The sensitivity of the solutions to changes in the transportation 
rate is quite important as mentioned previously. In all cases analyzed, 
an increase in the transportation cost without corresponding increases 
in other costs would make the establishment of more facilities more 
attractive. In fact only a very small increase (2 to 4 per cent) 
would make the establishment of all facilities the least cost solution 
in all cases examined except fiscal year 1967-68 at a construction 
eostrot $25.00 per square foot. 

Alternatively, a decrease in the transportation costs of as 


much as ten per cent results in some solutions costing less than 
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ectabiishing all eieht facilities, For fiscal year 1967-68 at a 
construction cost of $15.00 per square foot one more solution becomes 
Wess pexpeisive than all eleht facilities, for fiscal year 1967-68 at a 
$25.00 per square foot construction cost, six more solutions become 
less expensive and for fiscal year 1972-73 one more solution becomes 
less expensive than establishing all eight facilities for construction 
eseseo spot i U0eand 625,00, per square foot.) sinetiscal year 1982— 
Pep oeeOlle ens tesult in a cost less than establishing all ieiesht 
facilities even when the transportation cost is reduced by as much as 
ten per cent. As well, reducing or increasing the transportation costs 
by ten per cent does not change the ordering of the solutions that 
are less than the cost of establishing all eight facilities even when 
the transportation cost is reduced by as much as ten per cent. As 
well, reducing or increasing the transportation costs by ten per 
cent does not change the ordering of the solutions that are less than 
tieweose or establishing all eipsht facilities. 

iemoaopendix Contains in detail, the results Summarized in faple 
32. This includes the maximum inventory for each warehouse, building 
and land requirements, shipping costs and the fixed costs of operating 
each facility for all solutions obtained that have a total cost less 


than or equal to the cost associated with establishing eight facilities. 


Conclusion 

The objective of the analysis of the Saskatchewan beer distribution 
system was less one of finding 'the optimum solution’ to the number, 
size and location of distribution warehouse facilities than one of 


providing conclusive evidence of the direction in which the optimum 
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solution lies. This has certainly been accomplished. Following any 
of the solutions shown in Table 32 for successive periods, regardless 
of the building construction cost the solution becomes less and less 
aeeraceGive. sinerresult isPtnat by =1902-all solutions for tewer than 
eight distribution warehouse facilities will incur a greater expenditure 
than the solution of establishing all eight facilities. 

The task of determining those configurations that merit consideration 
has been ocoomisiched in that seven configurations as alternatives 
to establishing eight warehouse facilities have been isolated. These 
solutions are the best or next best alternatives irrespective of the 
year or building construction cost selected. 

In defining the objectives of this analysis it was stated that the 
concern was primarily with determining which warehouse facilities 
could be eliminated, if any. Certainly the analysis could have been 
extended to consider other locations, but the current warehouse 
facilities are located in the largest population centers in each 
area and only a few other centers would be feasible in Saskatchewan 
where the population is predominately rural. 

tiiswapproach eains Support inethat the only facilities which 
show any prospect for discontinued use are those located in the 
smaller population centers and in particular those in the southern 
portion of the province where the population has been projected as 
declining in size. Other population centers which could be considered 
as locations for warehouse facilities are for the most part located 
im the’ southern regions of the province’. 


The tanalysis "can be cited as deficient in one respect’ at least. 
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Each year analyzed has been treated as a period independent of the 
previous and future periods. In practise this is not true since a 
warehouse facility required in the 1972=/3 period will have to be built 
with at least the 1982-83 period in consideration. Unless modular 
expansion can be employed a facility constructed today must be large 
enough to accomodate peak future volumes. If the volume of goods moving 
through a facility is increasing then the necessity of constructing 
a larger facility now would tend to favor the establishment of fewer 
Pachiities. However, this is not a sérious limitation in this study 
since the solutions have been shown to be quite insensitive to the 
fixed cost of operating warehouse facilities. 
The assumption that economies of scale do not occur as the size 
of facility increases could be a limiting factor on this analysis 
Since labour costs are such a large part of the total cost to operate 
a warehouse facility. However, it must be noted that this is not a 
very limiting factor. Cost savings in areas of variable cost will have 
to be quite substantial to invalidate the conclusion of this study, 
namely, that the trend is toward more distribution warehouse facilities 
and the optimum lies in the direction of eight or more such facilities. 
It has been pointed out earlier that the accuracy of the entire 
analysis of a distribution system depends upon the accuracy and validity 
of the data and assumptions made about demand and where it is located. 
Unfortunately regional growth or decline due to the economic expansion 
or contraction of particular industries cannot be adequately predicted. 
It can be stated with some confidence though that the trend toward 


urbanization and the population growth of Saskatchewan can be expected to 
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continue. Thus, even if the demand forecast is thought to be unreasonable, 
the increase in sales by area in approximate relation to population 
growth must be agreed. Therefore, the same conclusion with respect 
to the establishment of distribution warehouse facilities will be 
reached but perhaps in a shorter or longer period of time depending 
upon the judgement of the reader. 

Some general comments can be made about the behavior of the 
distribution system. 

If transportation costs decrease, and that would be unlikely 
if the historical movement of costs is considered, solutions with 
fewer than eight facilities might be reasonable for a longer period of 
time but even then the movement is toward more facilities. 

Transportation costs are by far the greatest part of the cost in 
any solution. Thus, an increasé or decrease in transportation costs 
tends to affect all solutions nearly the same. As .a result, even if 
the model produces results which may vary slightly from reality, the 
optimum solution is probably still very nearly optimal in the model. 
That is, the costs shown may not reflect true cost savings possible, 
except within limits, however cost savings do exist and are no doubt 
greatest for the solution shown that is of least cost in the model. 

Table 22 of Chapter LI points out an aréa of distribution system 


costs that could very well lead to some substantial savints. The 


cost of transportation from the breweries to distribution warehouses 

is estimated using three different methods of loading railway cars. 

Placing pallets only one high results in an annual cost of $429,154, 
While stacking pallets two high results in an annual cost of $373,131, 


a difference of $56,023 or 13.1 per cent. Although other factors are 
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involved in the method of railway car loading in addition to those 
considered in the above estimates, this certainly points out an area 
worthy of further investigation. 

The mode of transportation appears unlikely to change, that is, 
by railway from breweries to warehouses and by truck from warehouses 
to retail outlets. However, the means used to obtain this service 
might be altered. The SBA could become directly involved in trucking 
operations or contractual arrangements could be made that would also 
give consideration to the empty container return system. The area of 
transportation is the sub-problem of the distribution system with the 
largest potential for savings. 

Changes in brewery market share will affect costs and have some 
influence on the optimality of the solution to the problem of distribution 
warehouse facilities. It is known though, that substantial changes 
in market share occur only over longer periods of time and the fact 
that breweries are located in only three of the Saskatchewan cities 
tends to reduce the effect of market share changes. Change in market 
share is more a question of a significant change in volume distributed 
from the three brewery cities than for changes among all breweries. 

ineCGiapter ILE it was noted that the actual anventory of bottled 
beer maintained at sales levels above 6,000 two dozen cases per week 
the inventory increases at a more rapid rate than sales. This is not 
as would be expected from the use of inventory control theory and 
tends to indicate an over compensation for the large volume fluctuations 
that can occur in sales at these levels, perhaps due to the more limited 
experience at these levels. 


This would suggest a review of the inventory stocking and ordering 
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policy which could very well accompany an analysis of the transportation 
System. Inventory carrying costs are not substantial in relationship 

to other distribution system costs. Although the inventory stocking 
policy determines the amount of space required at each warehouse facility 
Elesrixedscost sOrPoperating a warenouse facility is not a critical 

factor in determining the number, size and location of distribution 
warehouse facilities. Therefore an analysis of the inventory stocking 
and ordering policy does not require further analysis for the purposes 
Sretniseetucy,. 

Potential savings with respect to inventory stocking and ordering 
policy are probably to be gained as much at the breweries as they are 
in the distribution system. No doubt the inventory policy has a considerable 
effect on production scheduling and storage space requirements at each 
brewery. 

A statement of the optimum facility size that takes into account 
warehouse operating costs, productivity and facility design has not 
been attempted. Although this is an area that could produce some 
reductions in expense the reduction would most likely be in terms of 
reduced labour costs rather than any substantial reduction in space 
requirements or other warehouse operating costs. 

Undoubtably an analysis of the warehouse would include the 
determination of dock requirements and outside space necessary to 
accommodate vehicles for loading and unloading which is a problem of 
some substance in itself. 

It was previously stated that specific optimums are precluded 


due to the dynamics of a distribution system. This becomes clear in the 
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system analyzed. Although fewer facilities appears optimal in the early 
years, the same number of facilities is less than optimal as demand is 
projected into the future. 

If the system examined in this instance was not yet established, 
the results obtained would serve well in developing a plan for the 
establishment of warehouse facilities. In the early years a few 
facilities could be established and at a size adequate to meet the 
expected volume in the short run. In time, additional facilities 
could be established that would offset any size limitation in established 
facilities and at the same time re-establish a near optimal distribution 
system. The results obtained for size, number and location of distribution 
warehouse facility at various levels of demand in different years 
provides the guide to planning the development of a distribution system. 

In the present situation, where the facilities already exist it 
is unlikely that any saving would be incurred by closing and reopening 
facilities due to the administrative expense, cost of disruption and 
associated reorganization required. The decision to close and later 
reopen warehouse facilities depends upon the length of time that the 
system will operate at a sub-optimal level if the facility remains 
in use and the cost incurred during that period of time in relation 
to the cost of disruption and the associated reorganization in 
discontinuing facilities. As well, potential cost savings from 
economies of scale occurring in the actual operation of few but larger 
warehouse facilities must be considered. 

hie priorities Visted earlier for either reconstruction or 
discontinued use of distribution warehouse facilities was North Battleford, 


Yorkton, Moose Jaw, Weyburn and Swift Current. From the results obtained 
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the discontinued use of the North Battleford or Yorkton facilities 
would result in a greater annual cost than their reconstruction. 


Moose Jaw and Weyburn could be discontinued in the short run. However, 
the discontinued use of the Swift Current facility by itself would 
result in a greater annual expense. 

The plan of action that suggests itself from the priorities 
given above for reconstruction or discontinued use of distribution 
warehouse facilities and reviewing the results of this analysis is the 


reconstruction of the facilities at North Battleford, Yorkton, Moose 


Jaw, Weyburn and Swift Current. Reconstruction on this basis, planned 
over a period of years will permit the continued evaluation of the 
distribution system. If the projected demand falls short of the estimate 
OEROtLner sactors change sipniticantly the most likely facilities, to 


be discontinued will be among the last scheduled for reconstruction. 


At the same time, the relative urgency for reconstruction can be 


followed according to priority. 
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